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ON THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES. 


Art. 805. FF a body revolve about an immoveable center of force, and be 


conſtantly attracted to it, it will always move in the ſame plane, 
and deſcribe areas about that center proportional to the times. For let 
S be the center of force, and ſuppoſe a body to be projected at P 
in the direction Pc, and take PY= Ac; then by the firſt law of motion, 
the body would move uniformly in the direction Pc, and deſcribe PQ, Ne 
in the ſame time, if no other force ated upon it. But when the body comes 
to Q, let a fng/e impulle act at S, ſufficient to draw the body through Q in 


the time it would have deſcribed Qc, or did defcribe P, and complete the 


parallelogram Ac C, and the body, in the ſame time, will deſcribe Q; there- 
fore PA, 2C are deſcribed in the ſame time. Now by Evciip, B. i. p. 37, 
the triangle S C= Sc, and by B. i. p. 38, Sc SP therefore SCA 
SP, or equal areas are deſcribed in equal times. For the ſame reaſon, if a 
Angle impulſe act at C, D, E, Sc. at equal intervals of time, then SCS SCD 
=SED=&c. Now as this is true whatever be theſe equal intervals, let them 
be diminiſhed ine limite, and the limit gives a force which acts conſtantly ; 

Vor. II. | 3 | and 
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S. which varies as PQ x SZ, pe P varies as — 
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ad as the reaſoning refpeQing the equal deſcription of areas in n equal times 


holds true up to the limit (as no point can be aſſumed before it comes to the 
limit when it 1s not true), it muſt be true in the limit ; hence, when the force 
acts conſtantly, equal areas will be deſcribed in equal times (219, 641), and 
the body will deſcribe a curve about S. And as no force acts out of the plane 
of P, the whole curve muſt lie in that plane. 

806. Draw SY perpendicular to M produced; then the area $P2 =42 P9 x 


area SER, but PS. 


' +: 

rea SP 

varies as the velocity V, when the time is given; hence, / varies as — oo 
Now in that curve which is the limit of PLCDE Sc. SY becomes a 
perpendicular to a tangent to the curve. Hence, Y varies as 
area SP del. in a given time 
perpendicular on the tan. 
given (805) when the time is given; therefore in the /ame curve, V varies as 


3 but in the ſame curve, the area SPS. is 


I conſidering SY as a 5 on a tangent to that point of the curve 


where the body is. NN F 

807. If equal areas be deſcribed about & in r times, the force muſt tend 
to S. For let SPA = SC; now SPQ = Sr, therefore SC =S; hence, 
by EvcLrD, B. 12. 39, Ce is parallel to As, therefore QC is a parallelo- 
gram; now, by ſuppoſition, the body deſcribes Q in conſequence of the 


impulſe at Q, and it would have deſcribed Q if no impulſe had ated; there- 


fore Q/ muſt repreſent that motion impreſſed at &, which, in conjunction 
with the motion Eg, can make the 8 deſcribe QC, 0 a” i is directed 
to S. 

808. "OO fv parullet' tozCxPwain it's Janiting ſtate. Now (Nzwrox's 5 
Prin. Book I. Se&. 1. Lem. 10. Cor.) being the ſpace deſcribed in a given 
time by the impulſe of the force acting at &, the limiting ratio of QM in one 
point of the curve to in another, will expreſs the ratio of the forces in theſe 
two points; but 9/Y =2Qx=2Cv; hence, the limiting ratio of Cv to Cv in 
two points will 'expreſs the ratio of the forces. Now by making P and C 
approach to Q as their limit, they will arrive at & at the fame time, becauſe 
PA, & are deſcribed in the ſame time; but when P and C arrive at N, the 
line zw ceaſes to cut the curve, and only touches it at Q, and therefore it 


becomes a tangent; conſequently 2v (which is the ultimate direction of PC) 


is a tangent to the curve at A:. Hence, to find the proportion of the forces in 
any two points P, p, of a curve, draw the tangents PX, px, to thoſe 
points, take two arcs P, pq deſcribed in the ſame time, and draw R parallel 
| | 6 

| to 
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to PS, and qr parallel to pS; then diminiſh this time, and conſequently the 
arcs P pg, and make them vaniſh, and that ratio to which Fer 57 een 
as their limit, is the ratio of the forces at P and p. 

809. If the areas be accelerated, the force tends in bps for if $ 2c 
be greater than S or Sc, then C muſt fall above a line drawn. from c pa- 


rallel to W; hence, the other fide M, of the parallelogram g C, muſt fall 


above Qs, and therefore if & be produced, it muſt fall above $; hence S muſt 
have moved up into that line, or the ſame way the body has moved, becauſe 
the motion M ariſes from the force at S, and therefore & muſt have been in 
the line 2. For the fame reaſon, if the areas be retarded, the force tends in 
antecedentia; for then, as $9 C is leſs than SP or Sc, C muſt fall beloro a line 
drawn from c parallel to As, hence V will fall be/ow AS, and therefore Q/ 
produced will fall below S; conſequently & muſt have moved in a direction 
contrary to the motion of the body. | I 

810. Dee. If the circle PAB touch the curve VP at P, and R be 
drawn, making any finite angle with the tangent PF; then if R move up 
to P, and the limiting ratio of R: RT be a ratio of equality, that circle is 
called a circle of curvature to the curve at P. 

811. Let PV be a chord of that circle paſſing through the center of force &; 
draw SY perpendicular to the tangent, and R parallel to PV, and join TP, 
TV; then, by the Definition, the limit of R: "RT is a ratio of equality. 
Now the angle RTP= the alternate angle 7PY, and the angle TPR between 
the chord and tangent = the angle PV Ti in the alternate ſegment, therefore the 


triangles RPT, TYP are ſimilar; hence, PV: PT:: PT: TR= . 


when the time is given, TR becomes ultimately proportional to the force 
(808); alſo (NE WT. Prin. Lem. 7. Lib. 1. Sect. 1.) the limit of the chord P 
to the arc PT is a ratio of equality; but as the time is given, the arc PT is 


ultimately proportional to the velocity Y; hence, the force varies as y 


3 now 


I 
In the ſame curve (806) 7 varies as 7 hence, the force varies as ST" Pr 


p 


Now this being proved true for the circle; it muſt be true for the curve, as the 
limit of the ſagittas R, RT is (810) a ratio of equality, and the limit of the 
two arcs 1s alſo a ratio of equality, as follows from NEwToN's Prin. Lib. r. 
Lem. 7. Sect. 1. Hence, in different parts of the /ame curve, the force varies 
I 
* P/ 


7 
812. As PP varies as the force F in general, therefore J varies as F PV, 
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ON THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES, 


that is; the velocity in the ſame or different curves varies in the ſubduplicate 
ratio of the force and chord of curvature conjointly. 

813. To find the force tending to the focus & of an ellipſe. Let P be the 
place of the body, ¶ the other focus, AC, BC the ſemi- axis major and minor, 
SY, HZ, perpendiculars to a tangent at P, and DC parallel to the tangent. 


Put S the fine of the avgle SPY or HPZ, radius being unity, then == 


HZ SY x HZ | {+ | : 
and 3 hence, 3“ FNF (as, by Conics, S* HZ BC , and 


SP x UP= BC* S qt SS 1180 


D*) 7 but s Nr, therefore y = 055 hence, S2 = 
SP* x BC* 
N 


—; alſo, by Conics, the chord of curvature = = ct 7 ; hence, (81 1) 
EC 
the force tending to S varies as — Fr 215 


CD* 
, which varies as mma 


12 * 


and BC being conſtant. The ſame proof holds for the hyperbola. If the 
curve be a parabola, SY* varies as SP; allo the chord of curvature 4 P, and 


. . * in 1 
therefore it varies as SP; hence, the force tending to the focus varies as Fps 


The force therefore tending to the focus of every conic ſection varies inverſely 


as the N of the diftance.. 


814. Draw T otrpendicular to 8P; then by ſimilar triangles, g7* : R 
:: SY* : $P* :: (from the equation in the laſt Article) BC* : CD, hence, 


gr”. WP. 250. 20 2P* 


R 
and it alſo = cd by Conics ; hence, — — = = the latus rectum L. 


but (811) the chord of curvature = 


This is for the ellipſe and Ayperbola. Now if the major axis of the ellipſe be 
increaſed fine limite, it approaches the parabola as it's /imit, and as all the 
above reaſoning holds up to the limit, it muſt be true for the parabola, 


2 


Hence, i in every conic ſection L= = 7 „when the force tends to the focus. 


815. Hence, if the force vary inverſely as the ſquare of the diſtance, the 
body muſt deſcribe a conic ſection having the center of force in it's focus. 
For let SP, the angle SPY, the velocity and force be given; then SY is given; 
alſo as the force is given, QR is given (808) when the time is given; and the 
time being given, the ſpace P deſcribed with the given velocity 1 is given ; ; 


FE? - thr 
hence is given; therefore = FI 15 given ; make Ze L the latus rectum 


of 
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of a conic ſection, theſe quantities having been proved (814) to be equal in 
all the conic ſections. But if we know SP, SY and L, we have data ſufficient 


to deſcribe a conic ſection; therefore the body may revolve in the conic ſection 
deſcribed with theſe data; and if it may, it muft, as a body cannot, with all 
the ſame data, deſcribe two different curves. 


is. Take P9 indefinitely ſmall; then the area SP varies as QT x SP, 
hence, SP varies as QT * P', or (814) as L x 2R x SP.; but (the time 
being given) R PL (808) as the force, and the /ame common center 


the force varies as _ ; hence, QR varies as 55; FÞ3 _ , therefore RR x SP is 


conſtant; hence, when the time is given, SPQ? varies as L in different COnic 
ſections about the ſame common focus. About different foci, where the abſolute 


forces are different, if A=the abſolute force, then the force varies as 5 


therefore QR varies as 5p = 5 hence, SP varies as A x L. 


817. As (812) J varies as force x ch. curv. therefore at the ſame diſtance 
the force being the ſame, we have the velocity (/) in the conic ſection at P: 


E264 a 22 ; 
velocity (v) in a circle at the ſame diſtance :: E iv 28P :: (in the 


ellipſe and hyperbola) 3 * oY VP: 5 e. In the 


ellipje, HP =2AC— SP; hence 4's v:: 2AC-SP:'S AC, which is always 
les than V2: 1. If the major axis of the ellipſe be increaſed fine limite, the 
ellipſe approaches to the parabola as it's limit, and the above ratio approaches 
tow2 : 1 as it's limit; hence, in a parabola, V: v :: V2 : 1 (645). In 
the hyperbola, HP=2AC+SP; hence, Y: v:: 2ACHFEP: VAC, which 
is always greater than V2: 1. At the mean diſtance in the ellipſe, SP AC; 
hence V= at that point. ; 

818. Let M the major axis of an ellipſe, NS the minor, P=the periodic 


time about the focus, m=the whole area, 2 = the area P deſcribed in a 
given time; then m x the number of theſe areas; but the number of theſe 


areas muſt vary as P, becauſe equal areas are deſcribed in equal times, and 

therefore the greater P is, the greater will be ue number of areas in proportion; 
hence, m varies as 2 * P, therefore P varies as 2. Now by the property of the 
| f _ ellipſe, 


ellipſe, m varies as M « N, and L ==; therefore (816) # varies as 
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ON THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES. 


NxA3z 
Hence, in different ellipſes about the ſame 


conſequently P varies as 1 5 
common focus, P varies as M4. This law was diſcovered by KEPLER (218). 
If the ellipſe become a circle, M becomes the diameter, which varies as the 


radius R; therefore in different circles about different centers, P varies as ==; 
| E 


and about the ſame center, P varies as RE. 


819. If, by the ſame law of force, bodies revolve in different circles about 
different centers, and A=the abſolute force, R the radius, then the force 


varies as ap therefore (812) Y varies as x 2 R, or as = Hence, 


R* Re" 
about the ſame common center, / varies as Fe 
820. The angle QS varies as 84 but QT varies as 2 * therefore 
the angle 2 varies as = 2 2 Hence, in the ſame orbit, the angular | 


velocity varies inverſely as the ſquare of the diſtance, the area SPY being 
conſtant (805) when the time is given, let the orbit be what it will. 


821. By Art. 817. we have, in the ellipſe, “: v:: HP: AC, hence, 


FSU * now this is true whatever be the minor axis of the ellipſe; 


AC 


if therefore we diminiſh the minor axis and make it vaniſh, the body will move 


ina right line, and as all the reaſoning holds true up to that limit, it muſt 
be true in the limit. 


822. Hence, draw Pp perpendicular to AM, and make the minor axis of 
the ellipſe vaniſh, then & coincides with 4, H with M, P with p, HP becomes 
Mp, and the body deſcends in a right line to þ from reſt at MA; hence, (821) 


pM 
(the velocity acquired from M to P) u X Ve but (819) v varies as 


2 let v = 77" and Y = SHES: 55 that is, the velocity acquired 


in falling from a ſtate of reſt, is equal to a certain conſtant quantity a mul- 
tiplied into the ſquare root of the ſpace deſcribed divided by the ſquare root 

of the ſpace to be deſcribed multiplied into half the whole ſpace. 

823. Produce 


Fo 


oN THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES. 


$23. Produce SP to L, and take PL=PH; then (822) the velocity (n 


4 / PL 2 H 


of aA body falling from ; to - Ape alſo let a 


7 55 —== the velocity in * circle at P, and p=the velocity in the ellipſe; then 


LY 2. OO. 0 nm 
n:p:i:vYAC:SPH (81) 


„«** 


„ M2 Þ 3: VAC x vV PH : / PH x VAC; hence, m m=S; 


That is, a body revolving in an ellipſe, muſt fall externally through a ſpace 
equal to the diſtance of the body from the other focus, to acquire the velocity 


in the ellipſe. 

824. Let PL P, then a body, with the force at P continued ronflant, 
muſt fall down PL to acquire the velocity in the curve. For let m=the 
velocity down R with the force at P, n=the velocity down PL by the ſame 


force, p=the velocity in the curve PQ; then in the time R is deſcribed by 


a falling body, P is deſcribed in the curve, and the velocity through RQ is 


(by Mechanics) repreſented by 2 R; hence m: p:: 2RY, : P, therefore 


: 3: 77. 
Allo : #* :: RY : PL, by Mechanics; 


but »=p, therefore PL="Sp=(811) i PP. 


825. If the curve be a circle, and the force be in the center, then PL = 
half the radius. Hence, as (817) the velocity in an ellipſe at the mean diſ- 
tance the velocity in a circle, a body at that point of an ellipſe muſt fall down 


half the diſtance to acquire the velocity in the ellipſe, the force remaining 
conſtant. 


826. Let PE=Z of the chord of curvature at the point P of an ellipſe; 


CD* | 
then (by Conics) PE = 2e Now CD*=8P x PH=8SP x 2AC—SP= 
; $P* 240 8P—CD* | 
2AC x SP- 8P*, W 246 2 ; alſo SE=8SP— PE SP 
CD* 240 x SP—CD* SP. Sp. 
= —Te= * therefore E= = F hence, SE X SI. 
=FP*. | 


827, When 


Fro. 
189. 


FIS. 
192. 


(808) by R. Now wyx = =D, ultimately; but * varies as 
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827. When a body revolves about a center of force, that part of it's motion 
which is perpendicular to the radius vector gives the body a tendency | to recede 
from the center; and the force with which the body thus recedes is called a 
centrifugal force. Let $ be the center of force, PK the curve deſcribed, PT a 
tangent to it, S perpendicular to PT, and P an indefinitely ſmall arc; 
draw 9 perpendicular to S, and with the center & deſcribe the circular arc 
9x, and let R be parallel to SP, and PV be the chord of the circle of 
curvature. Let PQ, repreſent the motion of the body in the curve, in a given 
time, then Pzo repreſents that part of the motion which is towards the center, 
and by which alone the body would be found, at the end of the given time, 
at the diſtance Sv but on account of the motion 20 Q, it is found at the end 
of the ſame time at the diſtance S Q or Sx; the perpendicular motion 9 , has 
therefore made the body recede from & through a ſpace equal to wx, which 
therefore repreſents the centrifugal force. Alſo the centripetal force 1s repreſented 


area Sx 9? 
'": 


xg 
0 25 area F . area. & . 1 
therefore wax varies as — O 2 which varies as * ultimately. 


x $3 . 


Hence, in the ſame curve, the centrifugal force varies as —- 5 the area SP 


deſcribed in a given time being given (805). And i in different curves, if the 
diſtance be the fame, the centrifugal forces are as the ſquares of the areas 


deſcribed in a given time. | 
828. Hence, the centripetal force in the curve : the centrifugal force :: N 


| 85 a2 a2) Wo, a2 
xw :: (becauſe gl IR „and æ = * 298 © 255] PV © 2PS 
P- TE”. 


2 2 3 : 
:: (as by ſim. tria- Ob n PP © 55Þ © „ ; $27* x BY. 


829. Let the curve be an ellipſe whoſe major axis is 2a, and the excentricity 
to, and the body be at the greateſt diſtance from the center of force, which is 
ſuppoſed to be in the focus; then the centripetal force: centrifugal :: SP: 


a* — wo 


+ PV :: a+w: 


830. If the ratio of a+ms : b Nux be conſtant, æ only being variable, then 
a: b:: m: n. For if x o, the ratio becomes a : &; hence, a mR: b+nx :: 

: b, therefore (alternando and dividendo) mx : 4 :: us : b, conſequently 
#811878. 

831. Let VPA be an ellipſe wile focus is S, and center C, VM a curve ſo 
conſtructed, that Sp may be always equal to SP, and the angle Y/Sp to VSP in 


a given ratio G: F, then the areas / Sp, PSP will be in the ſame given ratio. 
3 Now 
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Now let a body revolve: from to P about the center of force &, in the ſame 
time in which another body revolves from / to p. Then as the area YP varies 
as VS p, and (805) the area YS varies as the time, the area Yb v: varies as the 
time, conſequently the body deſcribing Vp is (807) urged: by a force tending 
to S. Let Pv be the chord of curvature. Now (827) the centrifugal forces of 
the two bodies are as G'; F., ores ©, oY lt them therefore be repre- 


| ſented by theſe quantities; hence, the difference of the centrifugal forces 1 is —35- A 2. 


Now if p recede from the center by a centrifugal force which is greater 


by Ee pr than chat by which P recedes, it is manifeſt that p muſt be acted 


upon by & centripetal force which is greater by the ſame quantity, in order 
to deſtroy it, ſo that the bodies may keep at the ſame diſtance. Now (828) 


E. 2 F. 
13 55 
P: 285 f: — (the centrifugal force in the ellipſe at P) : F 


the centripetal ths | in 4 5 ellipſe at P; hence, the force in the orbit VM at p 
IOW SLY IE = But $72 = LCx R x SP? | 1 
iN Pv 1 CD R 2 gy 
R being half the latus E and CD the ſemi-conjugate diameter to PC; 
E* 6 —E* 
hence, the force at = , and at PN. + ——=— Fr therefore 


rH Ty pes 
the ratio of theſe forces is 555 Fre: $72 89 


F.  RG'—RF* 
832, If the orbit YPA be very near to a circle, the force . = 


may be made to vary very nearly as any power of SP, or as Ms. For 355 


+ W Pi- : F* x $P+RG*—RF* : SP. :: (putting T— 


SP, where 7 is the greateſt diſtance, and neglecting all the terms where the 


powers of x enter above the firſt, as being very ſmall when compared with the 
reſt) FT Fr RG RF* : T.; now (830) this ratio will be 
conſtant, if we aſſume the conſtant terms on each ſide in the ſame ratio to 
each other as the coefficients of the variable terms; but if the ratio of the two 
laſt quantities be conſtant, the ratio of the two firſt · muſt be very nearly ſo, 
as we have only neglected terms which are very ſmall in reſpect to thoſe which 
are retained; aſſume therefore F*T'+ RG Y- RF“: T. as = F*x : —nT—x 
or as F* ; 272, and the ratio of the two firſt terms above becomes very nearly 
Vol. II. e conſtant; 
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conſtant; but as R and en pen . gw. the proportion becomes G“: F* 


2 1 15 1, very nearly, hence Tm Now the — bodies at P, p. being 


= 


always at the ſame diſtance din , muſt come to an apfide at the ſame time; 
but the body in the ellipfe comes to an apſide when F= 180; hence, G = 


180? 


Rr the angle deſcribed between the apſides by the body in the curve YM, 


when the force varies as the # — 3 power of the diſtance. If 2 3 — 2, the 
diſtanee of the apfides is 180%; if - 3 be a negative number greater than 2, 
the diſtance of the apſides is greater than 180% but if it be /eſs than 2, the 


. diſtance is 4% than 180% That is, if the force vary, inverſely as the ſquare. 


of the diſtance, the apſides of the orbit deſcribed are at reſt; if the force vary 
in a greater or leſs ratio than the inverſe ROME of the diſtance, the 0 


are progreſſive or regreſſive. 


833. Let the force vary as — b x SP" = cx SP” 


Ps 4 
ſumed nity ; then by exactly the fame proceſs, w we : find G= 180 x Vp 


and che 5 diſtance be aſ- 


= 


E136 


bm cn 


the angle between the apſides. 


16 


8 34. In the former caſe, if the non (a) of th the upſide be given, we can. 


find the law of force ; for- if += N 7 then v Fo ; conſequently t the law. 


— 


"4 
4 


: 120. 
of force is SP 4 3. 


835. The conclufions hitherto deduced when the force varies in the inverſe- 
ſquare of the diſtance, have been upon ſuppoſition that the bodies were of 
indefinitely ſmall magnitudes ; we muſt therefore conſider what will. be the 
conſequence if the bodies be ſpherical, and of finite magnitudes; _ 

836. Let O be the center of the circle ABCD, draw OP perpendicular to 
the plane, and let P be a corpuſele attracted | to tlie circle; eg en 0 


the circle UW; and let the attraction of P to any particle N * . 2 


PO, Pu=sx, p 3, 141595 then Ov = a', and pix = the area 
of the circle v]; hence, the fluxion of that area is 2 P and by the reſo- 


lution of forces, 4: 4 :: = ar the attraction of P to v in the direction P 0; 


hence, the fluxion of the attraction of the corpuſcle P to the circle vw will 
be be pax, whoſe fluent is 2 pr but when x =, vO=0, and the attraction 


vaniſhes; 
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vaniſhes ; hence, the fluent corrected, or the attraction of P to the circle 
a 
UW is 270 29% which varies as 1 gt and when x=PA, the attraction 


PO u feos bo 
to the whole circle \ varies as 1 . 


837. Let ABCD be a ſphere, P a corpialchs, draw PAOC through the 


center O, and let BVD be a ſection perpendicular to it. Put 4 10, 


OPS, AP=b—a=cr, PK=y, and let PB=c+x, then AK=y—:c, and 
CK=2a=y e, therefore y — c cx 2a—y += BK =BP* — PK. CTR — 


hence, (as b= 40 . : therefore (836) the attraction of P to 


26 
. 2650 ae eK 2ax— * cx T 
7 , or AS —==; ; 
8 og Tj is as 1 Up Fre = Foes 7 
hence, the fluxion of the attraction of P to the ſphere i 15 as — - 255 whoſe 


2 


dent is —55 oo the, attraction to ABD; and wth x=24, the attraction 


a? 
to the whole ſphere becomes —; = *, which varies as = Nou if the denſity d 


of the ſphere ſhould vary, the attraction muſt, cæteris paribus, vary as d; 


a? ; 
hence, for all ſpheres, the attraction varies as - But the quantity « of matter 


„ varies as de; therefore the attraction varies as 2 1 if he {ſpheres 


were evaneſcent in magnitude, with the ſame quantity of matter, the attraction 


would be the fame ; conſequently the attraction of a corpuſcle to a ſphere is 


juſt the ſame as if all the matter of the ſphere were collected into it's center. 
If the corpuſcle be at the ſurface of the Pere, then a= 1 and the attraction 
varies 6 

838. Hence, if che particles of two ee A, B, attract each other by a 
force varying in the inverſe ſquare of the diſtance, the attraction is the ſame 
as if the whole quantity of matter in each ſphere were collected into it's re- 
ſpective center; becauſe the attraction of each corpuſcle of one ſphere A to the 
other ſphere B is the ſame as if the whole quantity of matter in B were con- 


centrated into it's center, and therefore the attraction of the 254 ſphere 4 


to B muſt alſo be the ſame as if the whole quantity of matter in B were col - 
lected into it's center. Hence, what has been proved for two corpuſeles 
attracting each other when the force varies inverſely as the ſquare of the diſ- 


tance, holds true for two ſpheres, the particles of which attract each other ac- 
B 2 cCording 
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cording to the ſame law. If therefore (815) the particles of two ſpheres attract 
each other with a force varying in the inverſe {quare of the diſtance, one ſphere 
will. deſcribe a conic ſe&ion about the other in it's focus. Now all the 
planets are ſpherical, and (217) they revolve about the, ſun in ellipſes having 
the ſun in the focus of each. Hence, we conclude, that each planet is at- 
tracted to the ſun by a force which varies inverſely as the ſquare of the diſtance 
of their centers, and that the conſtituent particles alſo attract each other by a 
force varying according to the ſame laß. 

3839. A body F attracting. another body Q, exerts it's influence equally 
upon every particle of Q, and therefore the acceleration of Q to P is the 
ſame whatever be the quantity of matter in Q, and will be in proportion to 
the quantity of matter in P, the magnitudes of the bodies being ſuppoſed to 
be, indefinitely ſmall, ſo that every particle of matter in one body may be 
ſuppoſed to be equidiſtant from every particle in the other. In like manner it 
appears, that the a acceleration of P towards &, from the attraction of Q, is 
in proportion to the quantity of matter in Q; 

840. Let therefore P and Q attract each other, and G 4 their center of 
gravity; then the acceleration of & towards N from the action of P: the 
acceleration of P towards & ffom the action of Q:: P: Q. 12 G: GP; 
hence, the ſpaces Qa, Pb, moved over by & and P from their mutual attrac- 
tions in an indefinitely ſmall time, will be as G2 : GP; conſequently Ga 
muſt be to G3 in the fame ratio, therefore G continues to be their center of 
gravity. 3 82 center . pong is not affected by the mutual aprons | 
of the bodies. 

841. Now let * BoA P Fa 1 in hs directions ar. Ps, 3 te 1 
parallel to each other, with velocities as G.: GP, or as Ga : G6, and 
let 2r, Ps be the ſpaces. that would have been deſcribed in the time in which 
the bodies would have moved over 28, Ph by their mutual attractions, and 
complete the parallelograms 9rqa, P5pb; then the bodies at the end of that 
time will be found at 3 and p. Now the ſpaces deſcribed: in the ſame time 
being as the velocities, 2r, or ag, : Ps, or bp, :: GA: Gb; alſo the angle 
qaG=pbG; hence, the triangles Gag, Gp are fimilar, conſequently the * 
4264 = p, and therefore 284 is a ſtraight line; alſo Gg : Gp :: Ga: Gb :: 


G: GPA P: N, hence, G is the center of gravity of P and A. when they 


come to p and g; conſequently the center of gravity will {till be at reſt, and 
the bodies will deſcribe fimilar figures about G. 

842. Now let us conceive each body to be acted upon, at 8 ſame time, 
by e equal accelerative forces in the fame direction, then the relative motions 


of the two bodies will not be altered, and they will ſtil continue to deſcribe 
ſimilar 


4 
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ſimilar figures about G which is now in motion. And by varying the motion 
of the ſyſtem, we may vary the abſolute initial velocities of P and & as we 
pleaſe. Hence, if P and & be projected with any velocities, they will continue 
to revolve about their center of gravity, and deſcribe fimilar figures about it. 
And the center of gravity not being diſturbed by their mutual attractions (840), 
will continue to move on uniformly in a ſtraight line. Hence, the center 
of gravity of the ſolar ſyſtem remains at reſt, or moves uniformly in a 
ſtraight line, the latter of which is probably the caſe (729). Sir I. NeEwToN 
has therefore concluded, that the earth and moon revolve about their 
center of gravity; but Fx1s1 has maintained, that this will not be the caſe, 
unleſs the earth and moon had been at firſt projected in oppoſite directions, 
with yelocities inverſely as their quantities of matter; it appears however, from 


what is proved above, that this is by no means neceſſary. 
843. Let the bodies be ſpherical, and the particles attract each other 


by a force varying in the inverſe ſquare of the diſtance, then (838) the 
whole attraction will vary inverſely as the wo of the diſtance of on centers. 


Now as the attraction of © to P varies as —— B. - it muſt vary as IG „ becauſe 


9P is to Q ina given ratio; and as G is in the line QP, the acceleration of 
2 towards G muſt be the ſame as towards P; hence, Q is attracted towards G 


with a force which varies as Se therefore (815) Qdeſcribes about & a conic 


ſection having G in the focus. For the fame reaſon, P will deſcribe a fimilar 
figure about G in it's focus. Alſo, as 28: M in a given ratio, and & is 
always in the line P, the angular velocity of Q about G muſt be equal to 
it's angular velocity about P, becauſe, in reſpect to any fixed line LM, 9G 
and M always make the ſame angle; therefore & deſcribes a figure about > 
ſimilar to that which it deſcribes about E, and in the fame periodic time. 
Now all the planets are attracted to the ſun by a force varying according to 
the above law; hence, each planet deſcribes about the center of gravity of 
itſelf and the ſun, an ellipſe having that center in their focus, except {0 far as. 
as they diſturb each other's motions by their mutual attractions. 
844. Conceive a body Z to be placed at G, whoſe attraction upon 2, ſhall 
be equal to that of P; then as the attraction varies as the quantity of matter 


directly and the ſquare of the diſtance 1nverſely, we have 5 — by mY hence 


Z =P x 192 Now (818) the ſquares of the periodic times of bodies re- 


volving about the focus of an ellipſe vary as the cubes of the major axes directly 


and the abſolute forces inverſely; therefore, if the 0 time be given, the 
major 
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major axis muſt vary as the cube root of the abſolute force. Hence, the major 


axis of the ellipſe which 2, deſcribes about Z: the major axis of the ellipſe 


which 2 would deſcribe about P at reſt jn the ſame periodic tim : PI 


1 
ot 
| if : 2p Pi x 20 : 9P?, alſo from ſimilar figures, the major axis of 2 about 
i | P at reft : the major axis of 2, about Z:: : 2G; hence, by compounding 
e theſe ratios, we get the major axis of the ellipſe which 2 deſcribes about P when 
| OWN they revolve about the center of gravity : the major axis of the n which 
il | A would deſcribe about P at reſt in the ſame periodic time : : 2P* ; : 9 :: 
; 5 P+2* Pi. This is the fame concluſion as that deduced by Sir I. NEwTow 
10 4 in a very different manner, in his Principia, Lib. I. Sect. 2. Pr. 60. Hence, 
i | as the quantity of matter in the earth: that of the moon :: 78: 1, the major 
? |. | axis of the ellipſe which the moon deſcribes about the earth (they revolving 
| } 4 i about their common center of gravity) : the major axis of the ellipſe which 
| | g | | the moon would deſcribe about the earth at reſt in the ſame time :: 795 : 787 
if | Fs. 845. Let a body E revolve about a body & in a circle, and at the ſame time 
q 196. let a body M revolve about E in a circle, and be carried with E about S; to 
Wil find the diſturbing force of $ upon M revolving about E, ſuppoſing ME to 
1 be very ſmall when compared with SE, and the force to vary inverſely as the 
If ſquare of the diſtance. As the relative fituation of M to E is juſt the ſame. 15 
ö ll! as if E was at reſt, let us ſuppoſe E to be at reſt. Produce SAE to D, draw. 3 
Ml N CEB perpendicular to AD, - M 15 to CB. Now let ES repreſent the attrac- i 
# ff! ts p 
1 | tive force of E to 5, then 5 — : 5 — + SE: the force of M to S 7s LI 5 
4 | hence, by the reſslation of forces, SM : SE :: 1 the ** of $8 upon M Y 
| \ DEL.” | BH 
10 in a direction parallel to ES, which therefore = 5.7 F SE 1 . 
3 MK, omitting the other terms of the ſeries on account of their ſmallneſs. | 
Hence, as the force of E to & is repreſented by SE, we have 3 M for the dif- 1 
ference of the forces with which E and M are drawn in directions perpendicular 1 
ö to BC, and therefore it repreſents the diſturbing force of & upon M in that 1 
|: direction; produce therefore KM to r, and take Mr = z MK, and Mr will 55 
[il repreſent this diſturbing force. This force is called the ablatitious force, be- 1 
1 cauſe it tends to draw M from E; and in the oppoſite ſemicircle BDC, the 7 
force is conceived to act in the contrary direction; becauſe M being there N 
leſs attracted to S than E is, che effect is juſt the Game as if M were drawn 4 
from 173 
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from E in the oppoſite direction. Hence, the effect of this force is the ſame: 
in each ſemicircle CAB, BDC, or in oppoſite points of the circle 48 DC. 
3 3 "IP 
Alſo SM: ME :: pos ' 5 * ME ME very nearly, the diſturbing force 
of S upon M in the direction ME ; this is called the addititious force, becauſe 
it tends to draw M to E. Hence, the addititious force: the ablatitious force 
: ME: Mr, or 3 MR. :: rad. : three times the fine of the angle ME C, the 
diſtance of M from quadratures. Hence, in ſyzygies, Mr = = 3E M or 3 EA, 
from which, if we take EA the addititious force, there remains 2 EA for. the 
whole force with which A. is drawn from E in ſyzygies. 


846. The ot, force ME compounded with the NE of M to 


E. which varies as I. 7 „ makes a force which does not vary as TT 47s» and 


therefore by altering the law of force it muſt alter the form of the orbit ; 3 but 
becauſe the force ME is directed to E, it will not (805) deſtroy the equal 


deſcription of areas about E in equal times. But as the diſturbing force Mr, 


a 3 ME, neither varies as 17 e, nor is it directed from M to E, it will both 
deſtroy the form of the orbit and the equal deſcription of areas in equal times. 


Therefore M will not continue to deſcribe a circle about E. 
847. Reſolve the addititious force ME into MX, KE, then MK acting in 


oppoſition to Mr (=3MK), we get 2 MK for the whole force with which A 
is drawn from CB in the direction KM; hence, we may conſider M. as acted 
upon by two diſturbing forces, one of which = 2 MX in the direction KM, and 


the other =KE in a direction perpendicular to KM, the force of S to E being 
repreſented by SE. Hence, the addititious force at M. and theſe two diſturbing 
forces, will always be as ME, 2 MK and- KE. 


848. Hitherto we have ſuppoſed the plane of the orbit of Mito coincide with 
that of E, but if it do not, then as the force Mr acts out of the plane of the 
orbit of M (except when the nodes lie in the line SAD) it muſt continually 
draw M from the plane of it's orbit; the plane of the orbit therefore continually 


changing will cauſe a conſtant. motion of the nodes, and a variation of the 


inclination of the orbit, the method of computing which will be afterwards. 


ſhown. Theſe are, in general, the conſequences of the. diſturbing forces, the 
particular effects of which we ſhall now proceed to conſider; 


849. Reſolve the force Mir into Ms in the direction of the tangent to the 


point M, and Mw in the direction EMH. Then as the body moves from G 


to A, the force Ms acting in the direction in which the body moves, muſt acce- 


lerate the body; hence, the velocity of the body is accelerated from quadratures 
ati 
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on THE GENERAL PRINCIPLES or CENTRIPETAL FORCES. 
at C to ſyzygies at A. But whilſt the body moves from 4 to D, the force Ms acts 


in a direction contrary to the motion of the body, and therefore it retards the 
body as much from A to B as it accelerated it from C to A; and the ſame is true 


for the other ſemicircle BDC. Hence, from quadratures to ſyzygies the body 
is accelerated, and from ſyzygies to quadratures it is as much retarded ; enn 
quently the velocity is greateſt in ſyzygies and leaſt in quadratures. ˖ 

850. Hence alſo the areas will be accelerated from quadratures to ſyzygies, 
and retarded from ſyzygies to quadratures; for (809) when the force tends 
in conſequentia the areas are accelerated, and when it tends in antecedenria they 
are retarded. Hence, the areas deſcribed by M about E are greateſt 1 in ſyzygies 
and leaſt in quadratures. 

851. The ablatitious force Mr (= MK) vaniſhes i in quadratures, and the 
addititious force remaining, the whole force of M to E in quadratures is there 
the greateſt, and therefore the whole gravity of M to E is increaſed ; and in 
ſyzygies, Mr is the greateſt, and therefore the force of M to E is there the 


leaſt, and the whole gravity of M to E is diminiſhed; for as Mr is there 


=3AE, if we take from it the addititious force = AE, there remains 2 AE 
for the whole force with which M is drawn from E. The gravity therefore of 
M to E is twice as much diminiſhed in ſyzygies as increaſed in COTE ; 
and in a whole reyolution, the gravity of M to E is dinuniſhed. _ | 

852. As the force of M to E is greateſt in quadratures, the ſagitta vr, in 
a given time, is greateſt in thoſe points, and as the velocity is there leaſt, the 


arc Mt deſcribed muſt be the leaſt; hence, the curvature of the orbit is there 


the greateſt, the curvature being as the ſagitta directly and the ſquare of the 


arc inverſely. And as the force, and conſequently the ſagitta, is leaſt in 


ſyzygies, and the velocity, and conſequently the arc, is greateſt, the curvature 
of the orbit muſt there be the leaſt. Hence, the orbit muſt put on the form 
of an oval, whoſe longeſt axis paſſes through quadratures, and the ſhorteſt 
through ſyzygies; conſequently the body M muſt recede further from E in 


quadratures than in ſyzygies, It will afterwards be ſhown, that the orbit is 


very nearly an ellipſe. This elliptic form of the orbit, and the above-mentioned 
(849) acceleration and retardation of velocity, cauſe, when 17 to the A; 


an inequality in it's motion, called it's variation: | 


853. If ES be diminiſhed, the action of & on E and M will be increaſed, 
and their difference, or the diſturbing forces, will be increaſed ;| and as the 
gravity of M to E is, in a whole revolution, diminiſhed by the [diſturbing 
forces, that diminution muſt be increaſed as E approaches to 7, conſequently 
the radius ME will be increaſed. Now in different circles, the periodic time 
varies in the ſeſquiplicate ratio of the radius directly, and the ſquare root of the 
abſolute force inyerſely (818); hence, as, when E approaches to &, the radius 

is 
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is increaſed and the force diminiſhed; the periodic time ewiſt increaſe; There- 
fore if E revolve about & in an ellipſe having & in it's focus, when E is in % 
higher apſide, the radius ME and the periodic time will be the leaſt; an 
when E is in the lower apſide, ME and the periodic time will be che greateſt. 
How the periodic time is altered by the alteration of the orbit of E from a 
circle to an ellipſe, will be afterwards ſhown. Theſe are the effects of the 
diſturbing forces of 8 upon M. on ſuppoſition that the orbit of 12 would 
mmm of the diſturbing forces) have been a circle. 

8 54. As the moon's orbit is very nearly a circle, fimilar Acts In une 
place upon it's orbit, from the action of the ſun; that is, when the earth is 
neareſt to the ſun, the moon's orbit will be dilated, and the periodic time 
increaſed; and when the earth is furtheſt from the ſun, the orbit will be 
contracted, and the periodic time diminiſhed. Hence, the moon's periodic 
time and diſtance is leaſt in ſummer, and greateſt in winter. We come now 
to conſider the effect. of the : Aiſturbing forces upon an elliptic orbit CABD. 


$55. Let M move e about E in ab focus put =. and let 


4 repreſent the additirious force, and let the natural gravity of M to E= 4 a 


* 75 2 7 4 
Now i in | quadratures, the whole force (845) of M to. &= 41 +0 * = 
2 
N- 


hence, with that force (83 3) the FOR of the . 1807 K* 


which is leſs than 180", becauſe N is les than unity; therefore the 


apſides are regreſſive when the body i is in ene Now in ſyeygies, che 
A 4 mY 
whole force of M to E Welle 8 5 24 (845); therefore (833) the diſtance 


of the aplices = = 180 « 3-3 „ which is greater than 1800, | becauſe 


4 2 3 is greater than unity ; 3 hence, the apſides are progreſſive, 1 But as the 


force 242 which cauſes the progreſſive motion in ſyzygies is double of the force 
a which cauſes the regreſſive motion in quadratures, the progreſſive motion in 
ſyzygies is greater than the regreſſive motion in quadratures. In the points 
between quadratures and ſyzygies, it is manifeſt that theſe principles cannot 
be applied to find the motion of the apfides, becauſe the force does not vary 
as any power of the diſtance; and moreover, there is a force Ms a&ing per- 
pendicularly to the radius, which alſo produces a motion of the apſides ; we 
ſhall afterwards ſhow upon what principles we may compute the whole motion; 
Var, II. > ep 856, As 
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856. As the attractive force yaries inverſeiy as Waben of che diſtance, 
we mia af repriſent\ ch the attractive force of E to $ u 5 17 10 c and of 5 to is. by 
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hene 6 8 A "SE + 1 77 e art of | & the force of S vpbn 7 which 


Tags 4 4 3 G20 Ir e 4 wi # NI 7 
SE * | 2 1:3t8 33 3MK 
= ———== | > omittin the other 
afts Paralle to ES. „ S = $87 i + 55 F; omitting thy 


tene of the ſeries on account of their ſmallneſs; 3 the A0 of the 
forces of upon M and E in a Sen perpendiculer = GH, or the ablatitious 


MX. 1 
force pe EE 52 1 ir Ea "5 heſiion © of 7 be given, and $2 vary, the 
lied force" raties as = 8 . bot F the pln of M be e Sven, the ratio of 
$; WT CA | zS be , 


the ablatitions/ to the addititious ern given 6450. Hence, 1 the pollen 
yo Mt be Sven, and 8E Vary, the diſturbing forces will vary AS 5 -3 and 157 


| 85 
1 A U me! 4121. 20 ! A 11 £5 * 1300 1 n 14 0 
che ablolute force (4) of $ ſhould vary, the diſturbing forces will vary as == 
7. * * E 19 10 21 = 
— "ET A 02 * D& 0 ELLEN } iL 12 ln 


But if P = the 3 time of E About. , then (818) R Fries as PR 


— AED = % On 10 {> 1 


2 I the oe of the W. $; and m=it's denſity, then A varies as 


n hence, Ihe diſtutbing forces vary as 2 m, or as the cube of the 


nn diameter of S ſeen from E, and it's denſity conjointly. Hence, if 
the abſolute force of $ and the diſtance SE varys = Ner- ue forces, and 


'? oft. 9106; 


conſequently the errors produced by them, vary as 


N 


p. or they vary as the 


cube of = abhadene . $ ſeen from E, and the denſity of $ conjointly. 
Now thele, are the linear errors of M leen from 2. and as ME 1 is N the 
8 ertors will vary in the fame fis. Y © 

. Now let us ſuppoſe ME only. to vary, or which is the ſame, conceive 


two "ag to be deſcribed by M, and M to be ſimilarly ſituated in them; then 


the addititious force varies as ME (845; and in any given poſition of M, the 


addititious force being to the ablatitious in a given ratio (84 5), both the diſ- 


turbing forces, and conſequently the linear errors generated by them in a given 
time, will vary as ME. Hence, conſidering two different radii ME, if in any 
given poſition of M, we ſuppoſe the bodies to deſcribe a given indefinitely ſmall 


angle about E, the linear errors generated in that time will be as the force 


ME x the ſquare of the time; but the times of deſcribing equal angles about 
E will be as the whole periodic times (p) ; hence, the linear errors will be as 


ME 
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ME N p'; and as the ſame is true for every indefinitely: ſmall fimilar parts of 
the circles, the linear errors in a whole revolution will vary as ME N ; but 
the angular errors are as the linear errors directly and the radius ME inverſely ; 
therefore the angular errors vary as p. Hence, from this and the laſt; Article, 
if ME, SE, _ wg abſolute wy of & vary, the * Narr. = ary as 


a. or if for 53 5 we cubſtiture < 7 , the angular efrors vary a as EY „an and if 4 


be given, they vary as 3 Now the error Eenerated i in any given time * 


the number of thoſe times in a revolution or x p, (for that number is 
in mroperin to the time of a revolution, ) muſt be as the whole _ in the 


& #7 


time of a revolution, or : as * hence, by dividing | by HZ the Tap in given 
time will vary as | Fr. 8 Hence, the mean motion of | the apſides of the orbit 
deſcribed by M will vary as the mean motion of ren and each will = 


” a5, P.. the excentricity a and inclination b be ing ſmall, and remaining the bade. 
. FI M * 


858. By Art. 845. the addititious force ME: che 7 — of E tos: 6 AE , 
and the forces of bodies revglying in different circles being as their x radii directl 


and the ſquare es of the ae N inverſely *, *, we have, the force. of E'o * 


the mean force of M to E:: n 3 aner compounding theſs to 

1411 ] : r 5 - It 11 4 * IIt3] F 20 
proportions, the addititious pad :th the mean force" ot 0 K K WR * 
Hence, if 5 254 7h. 43% and P= 365d. 6h. oh we n the e force 


of the moon: ,it's mean force towards il the cart 178.7 25: e 10 
the ablatitious force: the addititious f; 75 3MK hence, t 2 compound 
with the laſt proportion, gives the ren * : the 2 \ force of the 


101 


moan to the carth ;: 3 MK : ME x x 178,725, : T MK ME x. 594575: But 
Ms : the e force Mr. :; Þ E ME; hence, Ms. : the mean force of 
the moon to the earth ;: MK N K „ME * 59, 575. If P, 2.5: 1: 15 we 


and the ablatitious force : that force :: e NCC 
0 (641 en 1 Hui zi 40: il rag pom. oo” ae 11380 It 


46%; „„ | | | z ors Aw: ; yy 
FS. 6 For (810) F varies as b becauſe 3 in this caſe R= half the eber of curvature; ; bur if P be 


circum. - R. 
which varies as 
5 BY: 
, | IF | — A El a 1 * 8 
ä 82 ' 


hege by ublicutioh, * varies as 


* 
5 


be time, varies 45 55 0 


oh, f ©. a * 
£44 644531 . 


baye the addititious fores : the mean force of the moon to the carth 1. 5 
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© $49.7; It will Be proved in the, next Chapter, that the nodes of the orbit 
deſtribed : by che body M, have a retrograde motion, Hence, if inſtead. of 
one body M; we ſuppoſe the whole circumference of the circle to be filled with 
bodies, tlie ſame effect will he produced on each, and the nodes of the orbit 


of each will have a retrograde motion; if therefore we ſuppoſe theſe | bodies 


o- be connected together, ſo as to form a ſolid ring, the nodes of this ring 
wall have a retrograde nx Hence, if this ring were joined to a ſpherical 
body,. ſo that it's plane mig t ht. paſs through 1 it's center, the nodes of that plane 
_ have à 11108 rade 158 but leſs than before, inaſmuch as the force 
which cauſes RE weak have a greater quantity of matter to move, 
and therefore the motion would. he diminiſhed: as the inertia was increaſed, 
Now the earth, from it's, rotation about it's axis, has it's equatorial diameter 
greater than it's polar, from the centrifugal force of it's parts; hence, the 
exceſs of the quantity of matter in the earth about the equator above that in 
the ſphere whoſe diameter is the earth's polar diameter, anſwers to the afore- 
mentioned ring; conſequently the attraction of the ſun and moon upon this 
exceſs of matter at the equator muſt cauſe a motion of the equinoctial points 


upon the ecliptic, called the Preceſſon of the Equinoxes, the quantity of which 


wil be afterwards inveſtigated, 


860. Now let us ſuppoſe CABD to be a globe revolving about an axis 
perpendicular to that ſection, and conceive ant to be cut upon it's ſurface 
in this ſection, and to be filled with a fluid. Then this fluid will be accele- 


rated from quadratures to ſyzygies, and retarded from ſyzygies to quadratures, 


by the force Ms. Hence, there will be an accumulation of the fluid in ſyzy- 


gies, which will cauſe i it to riſe higher i in thoſe points, and the fluid being drawn 


from quadratures, , it will there be depreſſed. But in conſequence of the 
motion acquired, the water, will flow beyond ſyzygies, and will continue to 
riſe, until it's motion be deſtroyed by the force Ms in the next quadrant ; 
the fluid will therefore, continue to riſe to ſome diſtance beyond the ſyzy- 
gies, and the higheſt point of the fluid will be beyond the ſyzygies, and the 
loweſt point beyond the quadratures. Thus the fluid will be higheſt and 
loweſt at the ſame time, at the diſtance of about o'. If we ſuppoſe 
the body CABD tor reſent the earth, and $ the fun or moon, it is 


' manifeſt that their attraction will cauſe the ſame effect | upon the water which 


covers it's ſurface; and the ſyzygies being that meridian on which the ſun or 
moon is, it follows that the time of the high tide from the ſun or moon will 


be ſome time after they have paſſed the meridian, and the low water about 


ſix hours after. When the ſun and moon are in conjunction or oppoſition, 
it is manifeſt that they will both tend to raiſe the water at the ſame place, 
and cherefore there will then be the higheſt tide; and when they are in 

quadratures, 
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dratures, one tends to raiſe the water where the other tends to depreſs it, 
and therefore the tides will then be the leaſt. Theſe are the general principles 


of the tides, which will be further explained in a future Chapter. 
861. In Art. 845, &c. we have ſuppoſed that M revolves about E at reſt, 


whereas it is proved (842) that two bodies. revolving and attracting each 
other, will revolve about their center of gravity; but the motions of M and E, 
(which we will ſuppoſe to repreſent the moon and earth) about that center are 
diſturbed by ſimilar forces by S repreſenting the fun; and if the ſum of theſe 
forces be referred to the moon, and the earth be ſuppoſed at reſt, their effect 
in diſturbing the relative ſituation of the earth and moon will be the ſame as 
if the reſpective effects on each took place, and they revolved about their Center 
of gravity G. For here the addititious force of $ on M to the center G is MG, 
& repreſenting the force of & to S; allo EG will repreſent the addititious 
force of E to G. Hence, the ſum of theſe forces = ME, the whole addititious 
force by which the tendency of M and E towards each other is increaſed, which 
is the ſame quantity as when E was at reſt. Alſo the ſum of the ablatitious 
forces in the former caſe is equal to the ablatitious force in the latter; for the 
diſtance of each body from quadratures being the ſame, the ratio (845) of the 
ablatitious to the addititious forces are the ſame, and therefore the ſum of the 
ablatitious forces of M and E when revolving about & (for they act in oppoſite 
directions) is equal to the ablatitious force of M when revolving about E at 
reſt. In the theory of the moon therefore, we conſider the moon to revolve 
about the earth at reſt, and refer all the diſturbing force to the moon. It E 


and A. | repreſent the maſſes of the earth and moon, then = repreſents the 


attraction of M to E, and 70 repreſents the attraction of E to M hence, 


M is ſuppoſed to be attracted to E at reſt by the force ok SM 


K 


* 


| 
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CHAP, XXXII. 


e ON THE THEORY OF THE MOON. 


» \ 


Art. 862. IN the laſt Chapter we explained the general principles of the 
diſturbing force of the ſun upon the moon, and the nature of the 

effects produced by it; but to enter into a computation of all theſe effects, 
would require an inveſtigation of the nature of the curve deſcribed by a body 
attracted to two points, called the Problem of the Three Bodies. This problem 
has been ſolved by M. CLairavr, in a Treatiſe, entitled, Theorie de la Lune; 
by M. EvuLER, in his Theoria Motuum Lune; by M. D'ALEMBERT in his 
Recherches ſur differens Points importans du Syſteme du Monde; by FR1s1 in his 
Coſmographiæ Phyſice et Mathematica, pars prior; and by T. Mares in his 
Theoria Lune, juxta Syhema Netotonianum. Mr. T. Stursox began a Theory 
of the Moon, but left it unfiniſhed, M. CTAIRAur at firſt objected to Sir 
I. NEwrToNn's law of gravity, that it would not account for the motion of the 
apſides of the moon's orbit; he afterwards, however, diſcovered his error, and 
found that it would account, not only for that motion, but for all the lunar 
regularities; and he was the firſt perſon who gave a complete Theory of the 
moon. But MAxER's Tables, with the laſt corrections by C. Mason, 
under the direction of Dr. MasxELYNE, are the moſt accurate of any, and 
are ſubject to no greater error than about 30“ in longitude, Sir I, NEwTox 
firſt gave a Theory of the moon from the principles of gravity, and by very 
ingenious artifices, he found ſome-of the principal equations; but his indirect 
method did not carry him to many of the ſmaller equations, ſo that his com- 
putations could not be depended upon to give the moon's place nearer than 
5 or 6“. Others have attempted the fame by indirect methods, of whom 
Fr1s1 has been the moſt ſucceſsful, As it would not be conſiſtent with the 
plan of this Work to give a complete Theory of the moon, we {hall explain 
ſuch parts thereof as can properly be here introduced, in which we ſhall prin- 
cipally follow the indirect methods of NRxWTox and FR1s1; and although the 
' concluſions thus deduced are not always ſo accurate as thoſe which are derived 
from a direct ſolution of the problem, yet they give the true arguments, and 
their coefficients to a very conſiderable degree of accuracy. This method of 
treating the ſubject has this advantage, that it points out more clearly the 
particular gauſcs of the ſeveral equations ſo deduced, which are not obvious 
| in 


ON THE THEORY OF THE MOON. | 23 


in the equations derived from the general ſolution. They who wiſh to ſee 
more on this ſubject, muſt conſult the Treatiſes above-mentioned. 


86 3. As the attractive force varies inverſely as the ſquare of the diſtance, 


1 FIG. 
let N repreſent the attraction of the moon M towards the ſun 5, then 196. 


— will be the attraction of the earth E to S. Reſolve the force 


i# : Mr into the directions ME, ES; then, SM : SE :: 7 f LA = 1 
15 . . 1 3MK 1 IL 9a 
3p A . + Fr a force with which S acts upon M in a direc- 


2 > * * a Fc. 6 ue k 
— "A * % 3 
8 G © 5 
8 


tion parallel to ES, from which ſubtract 8255 „the force of E tc 5, and we 


1 r (= Mr) the force with which S draws M from E in the direction 


KM. Hence, by ſimilar triangles, Ms, MEK, ME: K 


3MK x KE = Ms the part of the force Mr which acts perpendicularly to EM; 


ME „ = 
n 5 3MK : 3 
alſo, ME : MX :: SET * ME x NE. 


= Me the part of the force Mr which acts 


3 x | EM 
in the direction EM; but SM : EM :: TNT» (the force of S upon M): 55 


the addititious force, or the force of $ upon M in the direction ME; hence, the 


AM 3 MRA 
whole diſturbing force of & upon M in the direction ME is ——- TM I 
: MK* M 1 2 . 
= (as 2 —= EM 5 x tin. MEC) - 3 x ſin. MEC = 
57 75 — ek x 4+ 1 col. 2MEC = — I —— tea x col. 2MEC very 
nearly. 


864. Let the — time of M about E be to that of E about S as x : 1; 
then the orbits being ſuppoſed to be very nearly circular, we have (858) the 


addititious force 77 : the mean force of M to E:: *: 1. Let the mean 

force of M to E, at the mean diſtance unity, be repreſented by unity, and we get 
a 1 I a i 7 

n= N = FE» nearly; hence, the diſturbing force of S upon M in the 


direction ME is = 3 * x EMI x EM coſ. 2MEC. Now in a whole 
revolution, 
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revolution, the laſt term is deſtroyed by the oppoſition of it's ſigns; and 
the mean value of EM being unity, we get 1% for the mean diſturbing force 
of $ upon M in the direftion ME. Now in order to obtain the force of 
gravity of the moon towards the earth, upon the ſuppoſition already made, we 
muſt conſider, that when we afſume the periodic time of the moon to be #; 
that is the periodic time correſponding to the mean force of the moon towards 
the earth, which force 1s equal to the natural gravity of the moon towards the 
earth, diminiſhed by the mean diſturbing force of S upon M in the direction 


EM; that is, the mean force of gravity of the moon towards the earth 


1 l, the mean force of M to E; hence, the mean force of gravity of the 
moon towards the earth, at the mean diſtance unity, = 1 +4 #*; conſequently 


2 | 
that force at any other diſtance EM is LEST. Hence, the whole force of 


EM* 
the moon towards the carth = 27775 J x EM TI x EM x coſ. 2 MEC. 
Put qr 775 A n, and the whole force becomes proportional to RI -In „ 


EM +4 m EM x coſ. 2 ME C, in which expreſſion, unity repreſents the 
force of gravity of the moon towards the earth at the mean diſtance, and the 


other quantities repreſent the proper proportional diſturbing forces. 


EM 3EM 1 
865. If the diſturbing force be aſſumed 57 = n. EC, 


then, * the ſame ſuppoſition, the whole force will be +; EMT 7 1122 


zu x EM x fin, MEC.“ Allo, the quantity LEES = Ld — ; 


which repreſented the force acting in the direction Mr, muſt now be repre- 
1 1 „ 3 ARK KE _ 3m x MK x RE 
W ME e 


866. If the velocity with which che moon was projected at the mean diſ- 


tance unity, be #; then at any other diſtance EM, it would be ITE nearly, 


in an orbit very nearly a circle, ſuppoſing that there was no tangential force. 


Now the force at the mean diſtance =1—4 m, and (825) a body muſt fall 
down half that diftance (4) to acquire the velocity in the circle; hence, 
by the laws of falling bodies, » = V2 x 1=Fmx4=v/I-Iim=1-1m 


nearly, 


* Fail, and other Writers, make this force = He For this correction we are indebted 


to Dr. MasKELYNE, 
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nearly. Let v be the velocity of the moon at M; then as the force (865) 
which acts upon the moon at M in the direction of the tangent is 


3m Xx 1 2 „ we have, by the principles of motion, VU = 


go X ME x KE x TM. (if we put MK=#, and aſſume ME =, which 


we may here conſider conſtant, without producing any ſenſible error) 3 maxX, 
hence v* = 3mx a But (866) at 1 moan diſtance, the velocity v = 1 


= 43261 ME" » g x 


Zz m un; hence, v = pres + gme* = FFF x 7 


+3mx ME* x fin. MEC*= (as fin. MEC. =- coſ 2 MEC) A 


3mx ME*—imx ME“ x col. 2 MEC, 
867. Thus far we have conſidered the velocity of M in reſpe& to S as 


fixed; but as & is in motion, let us put : 1 :: ſynodic revolution of the 
moon : it's periodic time; then at any angular diſtance CEM from quadra- 


tures, the moon has actually deſcribed the angle d x CEM from the time it 
was in quadratures. Hence, we muſt write d x T7 for CM, OY 
* +3mx dx ME“ x fin. MEC. = (if s=fine of MEC) Vr 3. 
x d ES. * x 5*; and (as the ſecond term is very ſmall compared with the 


firſt) V = NE Fimxdx E x 8 very nearly. 


On tie Radius Vector of the Moon's Orbit, aud the Equation of it's Center. 


868. Let 46 Abe a ſemi-ellipſe, F it's center, E, L, it's foci, F G it's 


ſemi- axis minor, and draw EM, EG, and MN perpendicular to 42. Put 


FA =I, CAEM Z, FG c, FE=w. By the property of the ellipſe, AF* : 
FG*=EG*—EF*=AF*— EF* :: AN X N2 = AF FN x AF+EFN= 
AF* — FN“: NM“ :: AF. EN&EF : NM*; to the value of NM* 
found from hence, add EN*, and extract the ſquare root, and we get EM= 


Pan EE : = 57 ; but = EN=ZM x col. MEX; hence, EM 
\ 6 2 2 
EF X EM x of. MEA _ FA* — EF* _ FG . 


"FA FF” Be 
Vor. II. D FG 


*" ME* © ME* 
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3 TOP: 2 ; 

FA — FE x col. MEA © 1 — w X col. 2 
1+w x col. 2 +w* x col. 2 + 205 x col. 2* + &c. but col. 2 = 4 ＋ 2 
coſ. 22, col. 2*=2 coſ. 2 ＋ 4 col. 3 2, &c. alſo c*=1— w*; hence, EM=1 
— 12 ＋ U x col. x ＋ I w* x col. 22+ F w® x col. 33 T & c. If the 
excentricity be very ſmall, EM=1+ % x coſ. 2 nearly; and the variation 
of EM is nearly in proportion to coſ. AEM. 

869. Draw Em indefinitely near to EM; and with radius Ez=\/ AFx FG, 
deſcribe the circle xx, and take the area-2zEw= AEM, and ſuppoſe a body 
to revolve from A to M about E; then the angle AEM is the true anomaly, 
and AEw (Note to Art. 227.) is the mean anomaly; hence, the mean anomaly 

the true anomaly :: C2 E: Lz E:: ſector zEw : ſector 2 Ev :: area 


= (by diviſion) :c* 


AEM : area 2 Eu; chereihes the increment of the mean anomaly (Z): the . 


increment of the true anomaly (z) :: area EMm : area EU:: EM* : . 


EDM x $ (by ſubſtituting for EM it's value 


= Ez = ; hence, £ = 


1 +20X coſ. 2+@%* X coſ. 2 + X col. 2*+&c. by Article 868.) c X * 
14 220 x col. 2+ 3 205 x col. 2 +40? x col. 2*+&c. &c. = (by — for 
c? it's value 1 2 w* nearly, and putting for co. z*, cof. z*, &c. their 
values as before) 2 ＋ 2 20 x col. z x $+4 0 x col. 22 x S x col. 32 x L 
+ &c, whoſe fluent is Z=2z+2w x ſin. 2 +3 w* x ſin. 22+3 20? x ſin. 32+ 
&c. the mean anomaly in terms of the true. | 

870. Given the mean anomaly, to find the true. By the laſt Article, 
2 Z- 2% x J. 2 z u x F. 22 3 x . 32, omitting the terms which come 
after; hence, 2 -Z 2 x g. 2 nearly, =Z—2w x g. Z nearly; allo z= Z — 
2 70 K f. 2 — 3 w* X $,2Z more nearly; ſubſtitute in the ſecond term of this 
equation, the above value of 2, and in the third term, ſubſtitute Z for 2, 
and z E- 2 x ſin. (Z - 2 % K 5. Z) — w Xx 5. 2Z. Now 1n the given 
equation, ſubſtitute in the ſecond term (—2w x 5.2) the laſt value of 2; 


and in the third term ( 3 w* 5. 2 z) ſubſtitute Z - 2w x ſin. Z for 2; alſo in 


the laſt term (—3 20 x g. 32) ſubſtitute Z for x, and we get x Z— 2 x fin. 
(Z=20 Li- 3 200 X8.2Z)— 1 w* x fin. (2 Z 4% X f. Z) 


- 10 x ſin. 32. Now as 4 x ſin. Z is very {mall compared with 2Z, we 


have 3 x ſin. (2 Z 4% Ns. Z) = 1 , N ſin. 2Z—4wKX fin. Z X col. 2Z 
= z X ſin. 22 ＋ 3 x ſin. E X coſ. 2Z= (as fin. E X coſ. 2 Z A in. 32 
— I ſin. Z) - 1 0 x ſin. 2Z+4 w*X lin. 3221 20 * ſin. Z. In like manner, 
2 & ſin. (Z — 2 20 x ſin. Z) (by conſidering coſ. 2w X ſin. Z=1) —2wx 
fin. Z+4w* x ſin. Z x coſ. Z= 2 r X ſin. Z+ 2 76* X lin. 2 Z. Hence, — 270 


X ſin. (Z 2 & ſin. Z 2 70% X ſin. E - 1 70, x ſin. 2Z)= —=2wX(fin. (Z - 2w 


X lin. 


y R & * * 2 . 
_ N * * 8 9 4 8 * 
** wb. TX © . 1 
LE - 4 7 * „ * 12 . 5 
oh "bu. * <> „ . 1 5 3 
* * 2 * * i. K L 
2 N *% * Pug * E 
* ne | IX , a A 

W ** 1 - ww = 
8 FI 8 
7 * 3 


. 
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x ſin. Z+{w*xſin.2Z) = 2 x ſin. (Z [2d x ſin. Z A xfin.2Z]) = - 22% 
nin. Z x coſ. (2 20 * ſin. Z—3w* x ſin. 2 Z) — coſ. E x ſin. (2 ⁊0 X ſin. Z 1 π x ſin. 22 
as coſ. (2 2 X fin. Z 1 0 X ſin. 2Z)=1—2w*x fin. Z* nearly, and fin. 
(2 20 X ſin. Z-+w* x ſin. 2Z)=2wX ſin. Z x ſin. 2 Z nearly] 2 N 

ſin. Z+ 4w*X lin. Z. + 4w*x fin. E X coſ. Z x col. Z x fin. 2 Z = [as 
fin. Z= ſin. Z fin. 3Z, ſin. Zxcol. Z = fin. 2Z, and col. Z x fin. 2Z 
= ſin. 3Z+4 ſin. ZI 2 7 X ſin. Z+4w*Xfin. Z+2w* x lin. 2Z—3 wx 

ſin. 3Z. Theſe quantities being ſubſtituted into the firſt equation, and the like 
terms being collected together, we get x Z—2wX fin. Z+3w* Xin. 22 — 

＋ 4 wxlin. Z 

+4 20 X ſin. 3 Z the true anomaly. Thus we may find the true anomaly from 
the mean, for all the planets; but this rule is not ſo well adapted for calcula- 
tion, as thoſe given in the tent Chapter. If the excentricity be very ſmall, 
the equation of the center becomes nearly = = 2 X ſin. Z=—2wX lin. z 
nearly; hence, the equation is in proportion to the ſine of the true anomaly 
nearly. | 
871. The firſt of theſe equations becomes a maximum at go® from the 
apſides ; the ſecond, at the octants from the apſides; and the third, at the 
diſtance of 30% from the apſides. As the firſt equation is the principal 
one, the whole equation muſt be a maximum when Z is nearly go*®, or 
go* +e, e being very ſmall; hence, fin. Z=1—Ze nearly; fin. 2Z=—2e 
nearly; and fin. 3Z=—1 very nearly; by ſubſtitution therefore we get the 


ö . 203. W e 12 203 
equation when a maximum = —-2w + we* + 7 3 - — —— very 


nearly ; make the fluxion of this =o, and we find e I hence, the greateſt 


equation is — 27 — — 8 For the moon, w=,05505 ; hence, the greateſt 


equation is — 6. 18“. 30“ — 1“. 22"= — 6. 19“. 52“. 
872. For w ſubſtitute 0,05505 the mean excentricity of the moon's orbit, 


and the true anomaly of the moon 2 z — 69. 18“. 30“ X ſin. Z＋13 X ſin. 2Z— 
＋ 8“ ſin. Z 


37 X ſin. 3Z Z G. 180. 22“ X ſin. Z ＋ 13 ˙ & ſin. 2Z=37" x ſin. 3 Z. 


873. By Art. 868. the radius vector = 1 = 4 w* + wx col. 2 ＋ w? x col, 
22+&c. in which, if we ſubſtitute for z it's value Z- 2X fin. Z nearly, 
and negle& all thoſe terms where any powers of wWw greater than the 
ſecond enter; and for coſ. z, we put coſ. (Z—2wx ſin. Z) = (as 2 70 X fin. Z is 


— — —— 


very ſmall) coſ. Z ＋ 2 10 & ſin. Z =cof. Z ＋ = to x coſ. 2 Z, we get the radius 


vector 21 ＋ 20 ＋ X coſ. Z - 0 X cof. 2 . 


D 2 : On 


27 
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On the Effect of increaſing or diminiſhing by a very ſmall Quantity, the Force 
or Velocity of a Body moving in an Ellipſe about the Focus. 


874. Let APM be an ellipſe deſcribed by a body P revolving about the 
focus S; H the other focus; and conceive the force at P to be augmented by 
a very ſmall quantity, in the ratio of 1: 1+7, and let it ſtill continue to vary 
inverſely as the ſquare of the diſtance; to find the new ellipſe which it de- 
ſcribes, and it's major axis; the excentricity of the ellipſe being ſuppoſed to be 
very ſmall. Let PE, Pe be the ſpaces through which a body muſt fall with the 
forces 1 +r and 1 at P, to acquire the velocity at P; then PE: Pe ::1:1+r, 
therefore PE: Ee :: 1: r, and Ee=rx PE. Now let PL, PI be the ſpaces 
fallen through to acquire the velocity at P in theſe reſpective caſes; then (826) 
SP*=SE x SL Sex Sl, hence, SE: Se :: SJ: SL, and SE: Ee, or rX PE, 


rx PE SL . | 
:: $1, or SL. nearly, : LI = — TE But (868) SP = 3 
1 — 29 SP 


= col. Z —, and (826) SE NL SP. therefore PE = PIE 


: ar _ Ro ENF) 2 
2-2 SP“; hence, L=5 men. moan 


neglecting the powers of w above the firſt) 2y—4rwx col. z the variation of 
the major axis. Now in a whole revolution, 47 & col. 2 is deſtroyed by the 
oppoſition of it's ſigns; hence, the major axis is diminiſhed by 2r; therefore 
the ſemi- major axis =1—r, or the ſemi-major axis is diminiſhed in the ratio 
of 1:1—7r. If the ſame force be ſubtracted inſtead of added, the ſemi-major 
axis will be increaſed in the ratio of 1 : 1 +r. If the ellipſe become a circle, 


- Xr— 2r = (by dividing and 


it's radius mult vary in the ſame ratio, by the addition or ſubtraction of this 


ſmall new force. Now if this new force 1 be conſtant, inſtead of varying in- 
yerſely as the ſquare of the diſtance, and be ſuppoſed to be very ſmall, and the 
orbit nearly a circle, the whole force will ſtill vary nearly in the inverſe ſquare 
of the diſtance *, and therefore P will ſtill deſcribe an ellipſe very nearly, the 
variation of whoſe major axis will be very nearly the ſame. 

874. As 


That this is true, appears from hence. Let x ander be very ſmall when compared with 


e then 2 =1— 2x very nearly; add r to each, and =— þr=I-24+r= 


1+5 
I 


——== very nearly, The fame is true, fr be ſubtrated. Hence, with the force — = x, 
I—zr7+X + - wn 


a body will deſcribe an ellipſe very nearly. 
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1&7 = 
1 8 7} 


l 875. As r is very ſmall, the periodic time will (818) vary as I ; 


=1= 27 very nearly. But the mean motion is inverſely as the periodic time; 


hence, when, the force varies in the ratio of 1: 1, the mean motion varies 


„or as 1: 1 27; and the firſt mean motion : the difference of 


$1: 2 = 
1 I-27 


the mean motions :: 1: r. 
876. If by the continual addition of ſome ſmall new force which varies 
inverſely as the ſquare of the diſtance, the ellipſe continually changes it's figure 
into a new ellipſe, but that, upon account of the ſmall variation of the ellipſe, 
the computation of the variation of the tranſverſe axis may be conſidered as 
made for the ſame ellipſe, then, if r repreſent the ſum of all the forces added 
in a whole revolution, after a whole revolution LIS ar, in an orbit nearly 
circular; hence, the ſemi-axis major = 1 —r very nearly. If the forces be ſub- 
tracted, the major axis ir. If the orbit be a circle, the radius of the 
circle will be increaſed or diminiſhed in the ratio of 1: 1= * 

877. If by the addition or ſubtraction of this new force, the axis major be 
diminiſhed or increaſed. by LI, and we take Pv=P1, v will be the focus of 
the new ellipſe; if the force be increaſed, then Po is leſs than PH, and the 
apſides are progreſſive in the deſcent of the body from the higher to the lower 
apſide; but from the lower to the higher apſide, they will be as much regreſſive. 
If the force be diminiſhed, the contrary takes place. Hence, in a whole revo- 
lution, the addition or ſubtraction of any new force which varies inverſely as 


SP?, will cauſe no motion of the apſides. The progreſs or regreſs of the 


apſides therefore depend upon the increment or decrement of the force being 
in a greater or leſs ratio than the inverſe ſquare of the diſtance. ” 

878. With the center S deſcribe the circular arc vr, and Ir will be the 
variation-of the aaa Now 1H = IvH xcol. z 9 (8 74) 7 xcol. 2 


—2rwX CL Z r x coſ. 2 Tr x col. 2z—rw, and of theſe three quantities, 


the two firſt will be deftroyed in a whole revolution by the oppofition of their 


ſigns, and the third is conſtant. If therefore 1 denote the ſum of all the 
forces added, the variation of excentricity in a whole revolution = = rv, 
And if 7 and 20 be very ſmall, the variation of excentricity becomes extremely 
ſmall; hence, the variation of the excentricity principally depends upon the 
increment or decrement of the force being in a greater or leſs ratio than the 
inverſe ſquare of the diſtance. | 


879. If the gravity remain the fame, and the velocity be I in the 
ratio of 1: 1 +v, v being very ſmall; then PE: Pe :: 1: TTG; : 172, 


therefore PE : Ee :: 1: 2v; hence, LI=4v—4vwXxcol. z. The 1 axis 
is 


29 


30 
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is therefore increaſed in the ratio of 1: 1+2v; hence, the periodic time is 
increaſed in the ratio of 1: 1+3v, If the velocity be diminiſhed in the ratio 
of 1: 1, then the major axis will be diminiſhed in the ratio of 1: 1 2 
and the periodio time in the ratio of 1: 13. And in reſpect to the motion 
of the apſides, whilſt P moves from the higher to the lower apſide, or through 
MCA; if the velocity be increaſed or diminiſhed, the diſtance Pww, Px from 
the other focus will be increaſed or diminiſhed, and the apſides will move 
backwards or forwards to m or u; but in the aſcent from the lower apſide 4 
to the higher M, if the velocity be increaſed or diminiſhed, then the diſtance 
Po, Py from the other focus will be increaſed or dimuithed, fen the apſides 
will move forwards or backwards, 


by Jv Ly # 4 % 4 4 


On the Abe 5 oe Fi gure if the Moon 5 Orbit, ſuppoſed to lee 19 
Excentricity; aud tie Variation * the Moon. * 


880. Tue — 1n quadratures velocity in ſyzygies :: ITE E 37 E + 
1 bas | | 


1 dx ME* (867) : 8 8 +} * * 4 nearly 25 * mM = 0,00557959, 


; hence, if we aſſume the mean 


a= 0,9986095, 41.080853) 1 +375 1855 


velocity = = 11039, the velocity i in FA ws = 10989, and in ſyzygies = 11089, 
Alſo, from quadratyres to ſyzygies, the increment of the velocity, and conſe- 
quently of the area, in a circular orbit, varies as 3“. 

881. Let ABD be an ellipſe, whoſe major axis CB is very ney equa to 
it's minor axis AD, E it's center; draw any diameter MET, and QQ it's 
conjugate diameter, on which let fall a perpendicular MO, and draw MH 


perpendicular to CB. Now by the property of the ellipſe, , HE? = ES * 

EA", hence ME (= HE* + MH*) = EC EG*- Ea x BM = 
: X 5 M* | 

ta the ellipſe 1s very nearly a circle) EC EC. — EA : nearly, and 


by taking the ſquare root, ME=EC—E C-EA x gr . EC — 


E EC-EA x fin. GEN nearly; hence, in going from C to A, the diminution 
of EM is in proportion to the ſquare. of the fine of the angle CEM. 


882. If 


«T's . x 
os 2 > 
r F be o A : 3 v 8 
. PODS, «- CC TT x, N r * ; : 
1177 - / AR IE oo or, nt od Ye nn fi x 
* $2.1 r 575 5 N . 7 
: 1 8 = l F 4 
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| 882. If the mean Sittince be repreſented by unity, and e be the difference 
between the mean and the greateſt or leaſt diſtances; then EC= EA+2e, and 
EM=EA +2e—2eX fin, CEM*= (as EA+e=1, and fin. CEM*= 13 3 
col. 2 CEM) 1 Tex col, 2CEM =1—eX col, 2A EM. | 
- 883, If we ſuppoſe the moon's orbit at firſt to have been a circle, the a 
turbing forces will make the orbit an oval (852), whoſe major axis CB lie in 
quadratures, and the minor axis AD in ſyzygies; and as the minor axis DEA 
is always directed to the ſun, whilft the earth E revolves about the fun, we muſt 
conceive this oval figure to revolve in a moveable plane about E, ſo as to keep 
DEA always directed to the fun. This oval is very nearly an ellipſe.  , For 
take a very ſmall arc Mm, draw the ordinate mr, and : perpendicular to 


ME. Now if v be the abſolute velocity of M, then (867) v* = nn A 4+ 


zm * dx ME* XS but the abſolute velocity of M : it's velocity in reſpect 
to the revolving plane : 4: 15 therefore in — to the revolving plane, we 


have the ſquare of che velocity . * ME” = + 3m x dx ME xs '=Mm". s 


Alſo the force (865) at 8 1775 +'m x ME 3” x ME x $ *—2Mr, the 


force being repreſented by the ſpace through which the body is drawn by that 
force, or by twice the Fette (808). But by ſimilar triangles, ur“: mt' :: 
mr* x NO 


ME : MO}, * JIE” = int Mm may nearly, as we orbit! is 


EC x CA 


nearly a clade alſo, by the property of the ellipſe, MO = Fr— Wi Mr: r= 
rm x ME* © 


| Mr, AEN. 
2ME x EX Mm* ECT NEAT 
=x, EC=1+e, EA=1-e, and neglecting thoſe terms where all the powers 
of e above the firſt enter, and ſubſlituting for Mr and Mm? their before-meny 
ITM = 23mx*s* 


I — e 


=+i E M3 very nearly. Let EM 


hence, 


tioned values, we get from the laſt equation, * 4 * 


e de x ITMA = 3mx*s" N 1 5 = and putting 3 , we get 
REL. 1— Zn „ 4 


— 


— — 


Ry 21 35* x I 2 and taking the cube root, we get * = 


— 2 2 8 8 


4 43 „„ I 5 f 
b ＋ I MmIU N I-32 X 1+ —— =(as nearly) f TIM —mt x x 
| 12 LY 


att ; hence, it appears that the diminution of EM (from the force 


1 42 n 


and 
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and velocity) is very nearly in proportion to the ſquare of the fine of CEM. \ 
conſequently (881) the point M deſcribes very nearly an ellipſe upon the move- 


able plane, the major axis of which : the difference of the axes :: 8 mt 


mr 525 + :: (as m=0,0055796, d=1,080853) 77, 6 : 1; hence, the 


ratio of the diameters is as 71,6 : 70,6, but as we have here neglected ſmall 
quantities, this ratio is not ſo correct as. that which we ſhall now proceed to 


determine. 


884. By Art. 865. the force at A : the force at C :: FT 2 AE: 


—_ +m CE; allo, (880) from the acceleration of velocity by the ablatitious 


force, the velocity at 4 velocity at C :: 1,0090588 (v) : 1; but indepen- 
dent of this acceleration, the velocity at 4 : the velocity at CG % GE : AE 
(806) ; hence, the velocity at 4: velocity at C :: vx CE: AE. Now the 
increment of the arc deſcribed in a given time is as the velocity, and the 
ſagitta is as the force; alſo the curvature is as the ſagitta directly and the 
ſquare of the arc canton + hence, the curvature at 4: curvature at C:: 


5 A2 * AE — N CE i 
AE” —— 2 — :: 1-2 N AE*; vum x CE. 
v* x CE AE 
FIG. 88 5. When the moon is in quadratures at C with the ſun &, it will deſcribe 
202. above oe before it comes into conjunction, owing to the motion Sò& of the 
ſun in the ſame time. Now for the mean motions, the angle CEA : CEs :: 
27d. 1h. 43“: 29d. 12h. 44 or as the periodic : the ſynodic revolution of | 7 
the moon, which put as 1: 4, and take EA = Ed, and à is the place of the E 
moon at the next conjunction, and the curve deſcribed by the moon will be ; 
| found, by taking Em= EM, and the angle CEm : CEM :: d: 1. To find 4 
FIG. the curvature of the orbit C2 at C and a, with the center E deſcribe the circle 1 
203. Cu, draw the tangent Ch, and Ervz, and take ES = Er, and the angle CES: | jz 
CEr :: d: 1, and produce Es to y, and conſider the angles CEy, CE? in their 
evaneſcent ſtate; now as Er = Es, and E Ex, therefore ru z; and as the 
ſagitta repreſents the curvature when the tangent is the fame, we have at the 
point C, curv. of Cr: curvy. of Cv :: ir: tu, and cury. of CS: curv. of Cv :; 
Js : yz; hence, | 


% 
22 


Curv. of Cr— curv. of Co: curv. of Cy :: rv or 25: vt | 2 
Curv. of Cv : curvy, of Ce- curv. of Cv :: zy : 25 | 


— 


. curv. of Cr — curv. of Cv: curv. of C- curv. of Cv :: ay: vt :: ez: cu :: dÞ; 1. 


Now 
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*Now the curvature being inverſely as the radius of curvature, the curvature 


of Cu may be repreſented by mY and then (by the property of the ellipſe) the 


4 CE I I 2 
5 curvature of Cr er AE? 3 hence, AE? OY CE : Curvy, of Ca — CE 22 4 EN 
; CE* +rAE* | a 
1 conſequently the curvature of Cd at C E putting r=4d* — r, 
"3 AE*+rCE* 
A For the ſame reaſon, the curvature of Ca at a= CET AE” Hence, the 
| AE* +r CE* i 


curvature in conjunction: the curvature in uadrature 22 1 2 
a TY J* CE* x AE 


CE +rAE : AE*'+rCE : CE*+rAE, aſſuming AE x CE=1, becauſe 


d AE x CE 

the mean diſtance is unity, and the orbit 1s very nearly a circle. Hence, from 
this and the laſt Article, we have, 1- 2m x AE* : v*+v'm x CE :: AE*+ 
rxCE : CE*+r x AE, Put 1+x=CE and Ii AE, and ſubſtituting 
for CE and AE theſe values, and neglecting all the powers of x above the firſt, 
on account of the ſmallneſs of x, and multiplying extremes and means, we 
{hall get a ſimple equation, from which x=,00716; hence CE=1,00716 and 
CA=,99284, conſequently CE: AE :: 1,00716 : ,99284 :: 70 : 69 in whole 
numbers. This therefore is the variation of the form of the orbit ariſing from 
the force of the ſun, ſuppoſing that the orbit would have been a circle without 
that diſturbing force. And as the orbit of the moon is an ellipſe having the 
the earth in it's focus, and this ellipſe is nearly a circle, the ſame cauſe muſt 
produce very nearly the ſame effect in the moon's orbit. Dr. HaLLer firſt 
took notice of this contraction of the lunar orbit in ſyzygies, from the phæ- 
nomena of the moon's motion, and made the ratio of the diameters as 44,5 : 


45,5, from obſervation. See his remarks upon the lunar Theory, at the 


4 #3 | end of his catalogue of the ſouthern ſtars. Hence (882), EM = 1 — 1 hog 
37+ 140 ; 
7 | x coſ. 2AEM. | 26 

= 886. From the alteration of the form of the orbit, as explained in the laſt 
0 Article, and from the acceleration of the areas (880), there will ariſe two 
; i corrections to be applied to the mean motion of the moon, in order to give the 
» true motion; the joint effect of theſe two, conſtitute an equation called the 
C4 Variation. We ſhall conſider each ſeparately, beginning with that ariſing from 
A the figure of the orbit. Let CA be the quadrant of a circle which the moon 
1 would have deſcribed from quadratures to ſyzygies without any diſturbing Fi. 
1 force; take Ea : EA :: 69 : 70, and deſcribe the ellipſe aC; draw MmK 24. 
5 Vor. II. E | perpen- 
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perpendicular to EC, and join EM, Em. Then the moon in the quadrant 
CA revolving uniformly, the angle CEM will repreſent the mean motion ; but Fe 
it's true place will be in the ellipſe at ; for not here conſidering the - 
acceleration of the areas, the true and mean place muſt be both in the 1 
ſame perpendicular to EC; for the area CEA: area CEa :: area CEM: 
area CEm, and as CEA, CEa are ſuppoſed to be deſcribed in the ſame time, 
and the areas are (805) proportional to the times, therefore CEM, CEm are = 
deſcribed in the fame time. Hence, the angle MEm (being the difference of I'M 
the two angles deſcribed by the true and mean motion of the moon about E) = 
is the correction from this cauſe. | | . 1 

887. Now to conſider the effect from the acceleration of the areas, it ap- : 
pears by Art; 880, that if the mean area, or the area deſcribed in the octants, 
be 11039, the areas at @ and C will be 11089 and 10989 in the fame time. 
Take therefore EA: Ee :: 11089 : 10989, or as 11039 : 10989, or 
as 69 : 68,6875, and deſcribe the ellipſe &»C, and draw Eur, and r will be 
the true place of the moon correſponding to the mean place M. For as the 
area CEm : CE1 in the conſtant ratio of K: RK, CEN: CEn in a 
given ratio; but CZm is conſtant, therefore CEn is conſtant, Now CEr : 
CEn :: Er* ; E, therefore CEr—CEn : CEn :: EY EN: EA 22 
2 Eu X nr : Eu very nearly, :: 2nr : En; and conſidering Eu as conſtant 
on account of it's very ſmall variation, the ſecond and fourth terms being 
conſtant, CE- CEn varies as 2 ur, or as r. But at C, CEn=CEr; put 
therefore the fluxion of CEu , and CEr=v varies as ur. Now ur: 
mn :: MK: nE, or a E nearly, and mn : as :: K:: a E, hence, ur: 
an :: MK: & E=, conſequently » K* varies as ar, or as CEr- d; hence, the 
increment of the area CEr at r above the increment at C, increaſes as K*, 
or very nearly as the ſquare of the fine of the angle rEC, and therefore (880) 
it increaſes as the areas deſcribed by the moon from quadratures to ſyzygies 
increaſe. Now bringing K to bew, and r to 5, indefinitely near to C, 
the area CES: CE :: we: wb :: Ea: Ea :: 10989 : V/1108g :: 10989 
: 11039 :: (880) the area deſcribed by the moon at C : the mean area 
defcribed by the moon. As therefore the area CZs deſcribed by the moon at 
C has it's proper ratio to the mean area CE& that would have been deſcribed 
in the ſame time, and it increaſes in it's proper ratio, at any point r the moon 
has it's true poſition in reſpect to the place where it would have been if 
there had been no acceleration of areas, and m is the place, if there had been 
no acceleration of areas, correſponding to the mean place M; therefore the 
angle MEn is the whole equation, or the Variation. 
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888. If we conſider EK as radius, Ku, KM will be the tangents of the 
true and mean motions, and the difference of the two angles will be greateſt in 
the octants *; therefore if the angle MCE = =45*% MK: Kn (:: 70 : 68 687 5) 
:: tan. 45* : tan. 44”. 27. 28"; conſequently the greateſt variation is 32“. 32”. 
This would be the caſe if the moon deſcribed 9a* from quadratures to ſyzygies ; 


but as it deſcribes a greater angle in the proportion of a periodic to a ſynodic 


revolution, or in the proportion of 27d. 7h. 43 to 294. 121. 44, therefore if 


320, 32“ be increaſed in this proportion, it gives 35”. 10” for the greateſt vari- 


ation, But E: EK : um : mr (nearly) = ZELLY which (becauſe m 


varies as K) varies as EK x 1K very nearly, or nearly as the fine of 2r EC, or 
fin. 2r EA twice the diſtance of the moon from the ſun; hence, the variation = 

5. ro“ x ſine of twice the diſtance (2X) of the ſun from the moon. In the 
tranſit of the moon from quadratures to ſyzygies, the mean place M is before 
the true place r, and from ſyzygies to quadratures, the mean place is behind 


the true. 
889. This is the variation at the mean diſtance of the ſun from the earth ; 


but at other diſtances it (857) varies as the ſquare of the ſynodic t time of the 
moon directly and. the cube of the diſtance of the earth from the ſun inverſely; 
let therefore : 1 :: the time of the ſynddic : the time of the periodic revo- 
lution of the moon at the mean diſtance CS unity) of the ſun from the earth; 
and let S Ci be the angle deſcribed by the ſun in the time 4— x, or by which 
the ſynodic exceeds the periodic revolution; and let TC? be the angle de- 


ſcribed by the ſun in the difference of thoſe times, at any other diſtance CT of 


of the ſun from the earth. Now if c=the excentricity of the earth's orbit, 
Y the ſun's true anomaly, (868) the diſtance of the fun from the earth 


=1+c x cof. Y; and the angular motion of the ſun in the ſame time varies 


(820) inverſely as the ſquare of the diſtance, and the angles SCs, TCt deſcribed 
by the ſun may be conſidered as deſcribed in the fame time, the difference 
being only the angle deſcribed by the ſun in the difference of the times of de- 


I | 
I+c Xx „ 


ſcribing theſe angles by the moon; hence, = : 


„ This is not accurately true, but n, nearly ſo for the purpoſe for which we here 
want It, 
+ The period of the variation being a Hnoadic revolution, it appears, by a like reaſoning as in 


Art. 857. that the error will be in proportion to the ſquare of the Huodic time of a revolution 


directly, and the cube of the diſtance of the ſun inverſely. 
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W + ; the time of deſcribing T7 Cri TE) 1 * 1275 col. 7; therefore the 


Ifference of the times of deſcribing SCs, 7 Ct, is d= i x 2c x col, Y; conſe- 
quently the time of a ſynodic revolution of the moon at It's mean diſtance: che 


time at any other diſtance :: 1: 1-26 * * col. PN 1 — ,1496c * 


1 1g? col. 7* 
+ 4k Foe the variation becomes 35. 10" x —= $992 — ſin. 


I＋ 0X col. 


2X=35. 10" * 1 34299 7 * col. F x ſin. 2X; and if we take the excen- 
tricity of the earth's cebit to be 0168 1, when the fun is in it's apogee the 
variation will be 33“. 13”, and in, it's perigee, it becomes 37. “. All this is 
upon ſuppoſition that the moon's orbit has no excentricity, and that the ratio 
of CE : 4E continues conſtant, whereas that ratio depends (88 5) upon the 
time of a ſynodic revolution; the orbit alſo, has an excentricity; the variation 
therefore will differ a little from what 1s here decermined. Tyco firſt obſerved 
this irregularity of the moon. | | 

890. The annual equation of the ſynodic revolution, is the difference of the 
times of deſcribing SCs, TCt, or - o, 1496 x c x'col. Z, the mean {ynodic tume 
being unity. When coſ. 7'=1, this equation becomes —1h. 46". 51” for it's 
maximum. Hence, the equation at any other time will be — 14. 46'. 51” x 
col. Z. 


1 00 find the E quation of the mean ; Motion of the Moon, arlf ing from the di TING 


Diſtances of the Earth from the 5 un. 

bor! As the cath 8 che ſun, the moon's. orbit is (8 54) dilated, 
and as the earth recedes from the ſun, the orbit is contracted, and this ariſes 
from the diminution and augmentation of the diſturbing force of the ſun upon 
the moon in the direction ME ; but the equal deſcription of areas in equal 


times will not (805) be affected by this force; and in reſpect to the accelera- 
tion and retardation of velocity from the ablaritious force, the acceleration in 


one quadrant very nearly deſtroys the retardation in the next; we may therefore 


conſider the mean area deſcribed to be always in proportion to the time. Now 
at the mean diſtance unity of the moon from the earth, the natural gravity of 
the moon to the earth being unity, the mean force of the moon to the earth 
at that diſtance of the moon=1—Z m; but if I= the true anomaly of the 
ſun, and the diſturbing force of -the ſun at the mean diftance unity be unity, 


the 
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the diſturbing force at any other diſtance 1 + * cof. T will (856) 
I 


1+£X of. 7* Tk 
moon to the earth at that diſtance of the ſun - A = 36 X col. T. 
Hence, the force is altered in the ratio of 1 n 1 fun coſ. 3 
or as 1: 1 nc x col. very nearly; therefore (874) the radius of the 
moon's orbit is changed in the ratio of 1: 1, x coſ. Y, and (875) the 
mean motion of the moon at the ors diſtance of the earth from the ſun : the 
mean motion at the "diſtance 1 +'c & col. Y:: 1: + 3 ο x coſ. Y; 
therefore in the time in Which the ſun has deſcribed the arc Z, the mean 
motion of the moon: the equation of tlie mean metion :: fluent of F.: 


fluent of z nN col. T F: Zuc xe in. 23 but in the time in which 


the ſun deſcribes 75 the mean ; motion of the moon is Sy * Us ; Hence, 


3c . very nearly therefore the mean force of che 


SCE N the equation of the mean motion :: „ Zum X ſin. 7; therefore 


:160 
the annual equation of the n mean motion 15 —= * zinc x, ſin. . 12. 555 X 


ſin. Z. 
892. As ſin. Y is poſitive Som: aphelion to perihelion, and negative from 


perihelion to aphelion, the annual equation is to be added to the mean motion 
in the former caſe, and ſubtracted in the latter. When the earth is in the 
perihelion, the orbit of the moon is dilated, and the moon moves flower ; 
when the earth'is in the 'aphelion, the orbit of the moon is conttacted, and 
the moon moves faſter; and the annual equation, by which this inequality is 
compenſated, is nothing in aphelion and perihelion, and at the mean diſtance 
of the ſun it is 12“, 55" according to our determination. Sir I. NEwToN 
makes it 11'. 50”; according to MAYER it is 11“. 16”; M. D'ALEMBERT 
makes it 12“. 6)“; and HALLE makes it about 13'; according to M. de la 
LANDE, it is 11“. 87,6. This annual equation being in proportion to fin. Z, 


is in proportion to the equation of the ſun's center, that equation being in 


proportion to the ſame quantity — the excentricity of the earth's orbit 
being N . 3 


©” — 


b Becauſe the mean motion of the ſun is to che mean motion of the moon as 160 1 21 39 very 
nearly. 4 a | | 


- 


To 
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To find the Equation arifing from the Intlination of the Orbit 10 the Ecliptic. 


893. Let CAB D be the plane of the ecliptic, NM the plane of the 
moon's orbit, Nx the line of the nodes, M the moon, E the earth, S the 
ſun; draw Ss, Av, perpendicular to the plane NM, alſo Au perpendi- 
cular to Na, and MX perpendicular to CB; join vw, $M, and draw 
E, M, and on EM produced let fall the perpendicular s{. Put 
a= SE, S the fine of Awy the inclination of the ; orhit, and let us 
conſider the mean value of ME=1, v= Aw the fine of SEN, x= MK ; == 
vA =vs, and S5=ays; hence, E= A 52; and Esa IA 
alſo, FF —4 v1 24 Xx 1 0, p 
hence, SM (=S NM) =@ ＋1* 24 Xx 1-2, therefore SMP = 


IF zar KT U enen 55. nearly, conſequently 1775 


31 K* n 


nearly. Now if u 5 2 1775 repreſent the attractions 
ef E and M to &; then ES: ES: ED ; 15 the attraction of E in the 


rection Ms ; hence, ES : EL 2 EM (=2) ; Mk :: yr e the 


attraftion of E in the dire&tion EM, and : MI . 2%, 1 2H, the at 


traction of M in the direction EM; hence, the difference of the forces of M 


and Z in that diredtion i e 4 1 1 but MI= El = Box MK —1; 


hence, the diſturbing force in the direction BM is BrxWE=T M= IN — 2 1 — 
MK x Es Ae es . 2 ; nen 175 1 . 
277 = ES Xx—IX— TN — = — a 


3 a f 
; but a and as x 841 col. 2MEC, for a whole revolution of 


the moon we may aſſume * = = alſo, v*=43— coſ. 28E N; hence, in any given 


poſition of the nodes in reſpect to the ſun, the mean diſturbing force is 4 #* — 
z * +3#*5*x coſ. 2SEN; and as the attraction of Mto ESI %, the mean 
force of M to Z=1+42n#* — 3 +3rf f—3 1 5 x col, 2SEN=14+3 n* $f — 


25 


direction Es, and SM : 8M tt . *F Taps the Br of 1 in the di- 
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ox THE THEORY OF THE MOON. 

1 * coſ. 2SEN. Hence, the mean force : the mean force in different ſtua- 
th of the ſun in reſpect to the node :: 1 +348 : 1+ 41% — 2 x cof.. 28 EN 
2411 = ETA - X coſ. 2 SEN - A x coſ. 2SEN nearly; therefore 
(874) the mean PP of the orbit will be increaſed in the ratio of 1: 1+2 #* 

xXx cof. 2 SEN; and (875) the mean motion is diminiſhed in the ratio of 
1: 1 4% FX coſ. 2 SEN; conſequently the mean motion of the moon in 
the time the ſun departed from the node through the angle SEN : the equation 


of the mean motion in the ſame time : the fluent of SEN N, of SEN, : the 


9 * 


fluent of -T & col. 2SEN XEN, or — 3 15 n fin. 2SEN. Now when 
the ſun leaves the node, it comes to the node again after it has deſcribed an 
angle of about 341, 353 therefore in the time in which the ſun has departed 
from the node through angle SEN, it's motion has been 2445 x SEN, 
SEN; hence, — x 2365 x SEN : the equation of the mean motion :: 
SEN: 1 x ſin. 2SEN, conſequently the equation of the mean motion 
is 200 * 565 X- x lin. 2 SEN = — 1. 28” X fin. 2SEN. But if 5 
be the diſtance of the moon from the node, and X the mean diftance of 


the moon from the ſun, then 2SEN=28—2X very nearly; hence, the 
equation is — 1“. 28” x fin. 28 — 2$—2X; this equation is therefore to be ſubtracted 
from the mean motion of the moon, in the tranſit of the ſun from the nodes 
to quadratures from thence ; and added, in the tranſit from quadratures to 


the nodes. 


and the mean motion of the moon in that time has been < X 


To find the Alteration of the Periodic Time of the Moon, by the diſturbing Forces. 


894. Let the mean diſtance of the moon from the earth be unity, z= 
the velocity of projection at that point, and 1: p the ratio of radius to the 


7 


circumference of a circle; then < - =the periodic time of a body revolving in a 


circle at that diſtance, and (889) 7 = the ſynodic revolution. Now (867) 


v matt dmME* x In. ME C, and the orbit being without excentricity, 


it 


ON THE, THEORY OF,, THE, MOON. 


it becomes (883) elliptical, whoſe minor axis lies in ſyzygies. Let 2 
repreſent the fluxion of the arc of the angle, MEC to radius unity, then 
MEX2 is the fluxion to radius ME, and the correſponding ſynodic fluxion 
is dx ME Xx 2. Hence, if 7 repreſent the correſponding fluxion of the 


. 69 x ACE:X.S. :: 
fo BR e ded nes 
fry rST To. 24 | 71 : 

IME; x2 17 f "Y ls 


14 erer 2 — 2 I 8 
1 ＋ 4 N ME x ſin. MEC® 1 E- 2 u * l m * ME' X 


fin. M EC X32 Put e=the differeace between the mean diſtance (1) and the 
greateſt or leaſt diftance; then (882) ME=1+exXcof. 2MEC; therefore 
ME = 1 +2e x coſ. 2MEC, and ME*= 1 Tr A col. 2 MEC, very nearly; 


| by ſubſticution therefore we get 2 x3 Z + 20 * col: 2 MEC X 2 — * 


2 mx ſin. MEG: R. Den * lu. MEG . MEC x ii 
2 PL 
2125 2e X col. drs u * * - 4 Col. 2MECXZ= * 1 


c en x coſ. 2 MEC x F- Teer alf 25 x. coſ. MEC 


XZ A* 4m * 2 AN * m X col. 2MEC X 25 neglecting the other two 
# 


terms on account of their ſmalineſs ; hence, t= : * 2———X z m X 2 1 7 * 


e + "x z m X ſin. 2MEC; therefore the time of a ſynodic 1 


— 


2 


2 X x mp; and the equation of the mean time 1s 770 e + I 3 m X in. 


2 MEC. Hence, the time of a Periodie revolution is E x þ — 4 XY 7 m x p. 


If che moon deſcribe a circle with the mean radius ME S I, the Sale time 
is the ſame, with the ſame; diſturbing force, as appears by, making e=0. 
Now (818) the periodic time in this circle (there being no diſturbing force) 

= the periodic in the ellipſe which the moon would deſcribe if it were not 
diſturbed, the radius of the circle being the mean diſtance; and this ellipſe 
being nearly a circle, the fame diſturbing, forces muſt produce very nearly the 
ſame effect in each caſe; we may therefore conſider the periodic time of the 
moon to be the lame as that which we have here determined, 


7 


895. H 


ON THE THEORY OP THE MOON, | | 4 
895, If there had been no diſturbing force, the time of a ſynodic revolution 


would have been 2x 53 conſequently the time of a Hynodic revolution i is di- 


miniſhed by the quantity 4 mpX - , In conſequence of the diſturbing forces. 


The time of a periodic revolution is diminiſhed by the quantity à mp x = 


On the Mation of the 2 1 eee, and the Variation of the Excentricity f 
it's Orbit. | | 


9396. The principle upon which we here propoſe to find the motion of the 
apogee, is, to find in what time the whole force by which the moon is urged 
towards the earth will draw it through a ſpace in the direction of the 
radius vector, equal to the difference between the greateſt and leaft diſtances, 


the moon ſetting off from the apogee ; and comparing twice that time with the 
time of a revolution. 


897% To find the whole force with which the moon 1s urged towards E. Fjg. 
The force of M to E (864) F 3 mx EM++mx EM x col. 2MEC; — 
and if N be the higher apſide, and lie in quadratures, the force in that point 
— — US: EN, the coſ. 2 ME C being then = 0; and if this force at N 
5 the centrifugal force :: c : 1, then the centrifugal force at N = IN 
3m 8 = but * the centrifugal force varies as the ſquare of che velocity per- 
pendicular to the radius direct, and the radius inverſely; and the ſquare of 
the velocity at M= tt mx EM*—3mxEM* x col. 2MEC (866); 


alſo the ſquare of the velocity at N in the octants = Kat +3mx EN"; hence, 
| the 


| 2 
For in Art. 825. the centrifugal force vx varies as . and as the time is given, x Q 


varies as the velocity in a direction perpendicular to the radius, 


Vol. IL | F 


I DE OR Ws; rr 


0 v g | 
AL ON THE THEORY OF THE Moo. 1 
the i force F. in at N in the octants: the centrifugal 4 
"AY" EN : 2, : 1 bY 
:: mn mx EM I n F =, 
force at M F Vi EI + * EM x col, = 
2MEG :: 1: Ep 2 X col. | cranks % therefore the centri- 1 
1 | | —> ho — 232 x EN | 7 
N | = — — EVN x col. EC; 38 
1 fugal force at M = —F 10x EN FF. 2M C; 2M 
Wilky | | I | = 
N | hence, the whole force of the moon towards E= 7708 iImxEM+3imx 4 
Wl | EM x col. 2MEC- * 2 gn P 2 ME C. 
4 | | 898. Now in FT pn the mean motion of the 1 all the terms where 
1 coſ. 2 MEC enters, may be neglected, for the following reaſons. The col. 
5 f 2 MEC S coſ. 2CEN x col. 2 MEN — fin. 2 CEN x fin. 2 MEN; hence, . 
4 m x EN 
the force _ * col. 2 MEC is compoſed of two parts, the firſt of which, 
having given the angle CEN the diſtance of the apogee from quadratures, 
16 varies as the coſ. 2 MEN, which, in the tranſit of the moon from the higher 
= apſide to it's octants decreaſes, and therefore makes the moon recede further 
Wil | from the focus; and thence to it's quadratures it increaſes and makes the 
moon approach as much to the focus; and four times in every revolution 
this acceſs and receſs will deſtroy each other. The other part, which is as 
ſin. 2 MEN, increaſes from the apogee to it's octants, and decreaſes from it's 
| octants to it's quadratures, and this alſo deſtroys itſelf four times in a revo- 
| lution. . If the excentricity be ww, then (868, as EM=1+ wx coſ. MEN) 
ul 53 mx EMx coſ. 2MEC=imX1+wxcot. MAN Xcof. 2 MEC; of which, 

3 Z m x coſ. 2MEC is deſtroyed, as before ſnown; alſo 4 mx wx coſ. MEN x : 
i coſ. 2 ME C is very ſmall, and in the oppoſite ſituation of the apfides, has - 
b a different ſign; the acceſs and receſs therefore from this part of the force, will 248 

Wil deſtroy each other in a whole revolution of the apſides. In eſtimating there- 
1 fore the mean motion of the apſides, the terms in the force where coſ. 2 MEC 
Wil | enters, may be neglected; the whole force therefore in the direction of the 
| | radi be here taken = —— 1 
| | radius may el FIG — 4 mx EM EMT xi 
I a ' . . 3 
1 899. Let v be the velocity of the moon at M in the direction ME, æ = 
Wl EM; then by the principles of motion, v V= <——+ arr += "x 3 
| | 3 1 


ON THE THEORY OF THE MOON, 


L 3 ; 
$2 — Xe * 5. Wbole fluent correfted i is I of =; = Zy EN. 
— EN I 7 
_ _ 1 3 — by — 
o . 
N = 3 BEN” = 


2 . N * EN x —w*—I—Im x EN* x - —FN * But if 


we ſuppoſe the moon to be projected from it's apogee in the octants, with the 


velocity 1 Ty. +3mx£EN", and force of gravity E Ex IN U EN, 


and which varies from that point in the inverit duplicate ratio of the diſtance, 
then if à repreſent the ſemi- axis major of this ellipſe, and w it's excentricity, 
we have (829) : 1 :: 43: a—w; if therefore we put EN—x=2, and 
| k q | | 22 

ENI —x*=2EN x Z- 2, we get 2K x 1 7 22 — ——5 alſo — 4 15 * 


EN*x*=x*= mx EN ZT I EN x 2%; and =1i—ImxEN x 
EN. -* D , 2ENxz-2* 2 WY 6 
„ ON acc 9" We ＋ * a +aw 


c * EN 

+ mx EN* X X — — EE - Z M X EN N; hence, v'= > * 
— 2 * 2 — : — 2M IIS" ; and ob 2M EN d, and 
25 _ mwXx EN 

— 1 e A. p 

2 2ν | 5 


900. The body beginning to deſcend from it's apozee, when it comes to 
it's perigee, v=0, therefore 2 = 26 2 ak 
M0 ICE 1 2m ͤ EN 
twice the excentricity of the ellipſe deſcribed without any diſturbing force: 
the whole approach of the moon to the earth in it's paſſage from it's apogee 
to it's perigee by the diſturbing forces :: 20: 3mw :: 1: 1. And as the 
difference between 2e and 2 20 is only the ſmall quantity 3 , the mean diſ- 
tance of the moon from the earth may be conſidered very nearly equal to the 
ſemi- axis major of the ellipſe which would be deſcribed by the moon projected 
from the apogee in the octants, bye a force varying in the inverſe duplicate ratio 


of the diſtance. 


901. Let Er EN En, then N ze; take the indefinitely ſmall arc 


Mm, and with the center E deſcribe the circular arcs M7, ms, then 75 the 
F 2 f delcent 


= 2W + 3mw; hence, 


43 


ON THE THEORY OF THE MOON, 


deſcent of the body towards E in the time of deſcribing Mm; put N= x, 
ts, f=the time down 75s, and draw 2, 5 perpendicular torN, and wx 


K | EN-e x2 


to v. Then by the principles of motion, f=——EZ—— — Gs, 
P . : 4 He Je z 25 


2 2 * 2 EN—e ' vw * {A 
* en. 7 * * 1 * whoſe fluent is ! — > < 
R — +7 „ and when M comes to 1, the, whole time of deſcent from the 


higher to the lower apſide becomes —— — X — — = (if 1: p :: lee + 


WW mw Xx EN? 


Wi 24 
8 + W - . — 
. | | EN - - 2m X E N* 
circumference) I N — = } Þ X - 1 


1 ; 2 
| : Si 2m X EN 
I pX1-2mxEN* 


— and if the mean diſtance be unity, then EN =1 + e, 
— -2mxXEN*|* 


DJ 


and e being very ſmall, EN*=1+ ge, EN*=1+2e nearly; hence, the. 
time from the higher apſide till the return to the ſame apſide becomes 


— — 


bY m 
EF ; and the orbit being nearly circular, a is 


— 2 
1 N 1 |* 
a * 


| c ; P 
nearly =1 hence, the time = T—_ very nearly. 


- 
— 


g02. By Art. 894. the moon's periodic time 1s . A K 7. ; hence, the mean 


time from the moon leaving it's apogee till it returns to it: 1 mean periodic 


. 
* * — — = 


V1—-2N u I I—-2m <p 
m =, 0055796, and u = V 3 m=,998604T; hence, the above ratio be- 
comes 1 : ,9916199 ; therefore ,9916199 : 1 :: 360® : 363%. 2“. 32”;3916; 
conſequently the motion of the apogee in one mean periodic revolution of the 


ES ; 1 ; 
dine: n en N LEES Now 


moon, is 3. 2. 3 23910 3 hence, 27d. 71. 43' : : 365d. 6h. of :: 9% 2“. 


'32",2916 : 40%. 40'. 20” the mean Progreflive motion of the 3 in a year. 
According to Mayer's Tables, it is 40. 41. * 8 
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ON THE THEORY OF TRE! MOON. | 45 
9og. If for u we put 1 1 In; we have the mean. interval orume 8 
the paſſages of the moon through it's apogee : It's peiogje; time, : + Vim 
| I — 2m 


1117 


1 | I T N ö 1, 


N= — 3 Fa I —i 1 — 4 mn * f I —-=3 Mm". Y » 
| " 1+mn 
7: ITM: 141 mn X 1 Beef : 14 n: 4 mn: ogg I 2 


i+;m : 1 very nearly. Hence, the mean motion of the moon : the mean 
progreſſive motion of the apſiqes :: 1 4 2 3m, But this is the mean motion of 

the moon, and anſwers to the mean diſkunce of the earth from the ſun ; but ar 

any other diſtance 1 cx col. Y of the earth from the ſun, the diſturbing force 

of the ſun (891) 1 is 1—3cXcol. Y; hence, in general, the mean motion of the 
moon : the mean progreſſive motion of the apfides, including the annual va- 

riation, : I: 1% 1 307 x col. Z, therefore the mean progreffive motion 

of the apſides 1 in the time the ſun deſcribes the angle Y: equation of the mean 

motion in that time :: fluent of i fluent of — 3 * eo, TN F.:: 1 

3% x fin. 7; but in the time the ſun deſcribes the angle Y the mean mo- 

tion of the apſides 1s cx A . x 27; hence, — | 565 . x Y : the 

equation of the mean motion :: 7 : — 4 ſin. Z, therefore the annual 


= equation of the apſides 2 —— 55 33 x fin. 7 == 19“. 35” x fin. Y. 


Sir I. NEwToN makes it 19'. 43”. 
904. By Art. 864. the force of M to E= M. ME —i m N ME ++ m x ME. 


x col. 2MEC ; and at the higher apfide , it becomes J 2 Z mM N NME A 


:mx NE x col. 2NE C; now if the force from N were to vary inverſel y as the 


= dnl MMR" 
ſquare of the diſtance, at M it would become ME” IMF”. 


1 3 col. 2NEG; and by changing the angle NEC, the ellipſe is continually 
changing into a new one; but if the orbit be very nearly a circle, the excen- 
« tricity and poſition of the apſides will (877, 878) not ſenſibly be altered in a: 
whole revolution. Hence, the motion i the apſides, and the variation of the 


p | N 
excentricity, depend upon Zn x ME xX 1 — 3. col. 2 N EC + = 33 - * | | 


1—3.col. 2NEC, which is the difference between the real force at M, and 
what would have been the force if it had varied inverſely as the ſquare of the 


diſtance from N.. 
905. The: 


46 | ON THE THEORY or THE! MOON, 


90 5. The forces 1 * M E + mg: are the fame, very nearly, in 
eyery ſituation of the apſides; alſo the force ;m x ME x coſ. 2 MEC (in 
orbits nearly circular) deſtroys, itſelf in every revolution, by the oppoſition of 
it's ſigns. Hence, the variation of the excentricity and the inequality of the 

| | motion of the apſides, ſo far as they depend upon the ſituation of the apſides, 
N | ariſes from the force Fes 25 eb als x coſ. 2N EC, which varies as col. 2NEC 
nearly, in an orbit which is very nearly.a circle. Hence, the whole incquality 


of the motion of the apſides in their tramiſit from quadratures Cto Mis in pro- 


5 | portion to the fluent of col. 2NEC * VC or to ſin. 2 NEC, or ſin. 2NES 
the diſtance of the apſides from ſyzygies. By obſervation, this greateſt vari- 
9 ation of the true from the mean place of the apſide is about 12%. 18; hence, 

this equation of the motion of the apſides S 12. 18“ x ſin. Fr §. 


% 


906. Let the abſolute Sravity in che higher apſide N= Ev „and let it 


vary from chat point in the rene duplicate ratio of the Ae and let w be 
the excentricity of the ce ſo 8 and a be it's ſemi-axis major; then 


bx EN 
I ME” Now (905) the Variation 
x EN 


of the excentricity depends upon the force = 55 col, 2 N c. Hence, 


( 829) the centrifugal force at N aA 2 


— 


if x ME, v= the velocity in direction of the radius, then v = 2 + 
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| . 3 0 5 3 | : A - ' ; \ 
| 2.— * x col. NEC T UX I- - XxX ENX Js whoſe correct fluent 
(if 2 EN) is E; W X EN" x col. 2NEC X 
— 3 | 3 
T 8 ENV. now the laſt term is equal — 2 x col. 2 MEC X 
7 3 Ts ” 
EM — 255 = — N X coſ. 2 MEC x 2 — EN. hence, v Ef * 
2 | 
{=== < —3m XEN'xcof. 2NECX2z+3mXEN* x coſ. 2 Mc N2˙3 


but the body deſcending from the higher to the lower apſide, this velocity 
at the lower apſide vaniſhes; therefore if we make v = o, we get 2 = 


22 zm X-EN” x col. 2NEC 
. - ——— the whole os through which the body has 


— — a * EN* Xx col. 2 NE C 
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ON THE THEORY OF THE MOON. 


deſcended in à direction of the radius vector, in it's motion from the bigher 
to the lower apſide, or twice the Excentricity of the Wo deſcribed. Now 


4 
(864) the force of gravity F EN in the higher apfide= N 5 — A x EN +2 * 


x EN x * 2 NEC; and if unity repreſent the en major of that orbit 
which would be deſcribed by the mean force Exe A X Hy in the n. 


apſide, and that force be increaſed "1 in the ratio of =— 7 E, | * ni EY . 


— I mx Aen. EN x col. 2NEC, or as 1: 1+imx EN" N coſ 2 NEC. 
then (874) by this increaſe of force, the ſemi-axis major is diminiſhed in the 
ratio of 1:1/--3mx EN“ x col. 2NEC; therefore unity being the ſemi- axis 
major by the former force, the ſemi- axis major a by the latter force = 1 — 2 w 
x EN* coſ. NEC. But = E£mx EN* +3 mx EN? x col. 2NEC; 


hence, 7 EN* + 3m x EN x col. 2NEC; conſequently 2 = 228 — 


| ; 24x EN? x col. 2NEC | 1 
T EN EN xo 2NEC=5m x EN* col. 2 NEC © 


3 
eee, ren nearly ; therefore the variation of the clit 


1 — 2 mx EN? 
Zu EN col. 2 MEC . 1 a 
eee © rag nearly. Hence, the variation 1s nearly in pro- 
portion to the coſine of twice the diſtance of the apogee from :quadratures, ar 
twice the diſtance of the apogee from the ſun. | 
907. When the apſides are in the octants, coſ. NEC o, and the excen- 
rricity 15 there the mean. When the apſides are in ſyzygies, col. 2NEC= 1, 
3m EN? 


and the variation of excentricity = — » the mean excentricity being 


2 M EN 
then increaſed by this quantity, on account of it's being poſitive. When the 
apſides are in quadratures, coſ. 2 NEC = =» I, and the variation - 


EN? 
* „which being negative, ſhows that the mean excentricity is there 


2 EN 


diminiſhed by this quantity. Hence, the excentricity is increaſed whilſt the 
apſides move from quadratures to *ygies, and decreaſed whilſt they move 


from ſyzygies to quadratures. - 
90. As m =05005 5796, and EN = 150 50g, ithe mean diſtance being 


unity, and the mean excentricity =205 505, we have — LY V =0,20g86 
4 | 
| | the 


o THE THEORY or THE MOON, 


the greateſt variation of the Moo from the mean ExCentricikye By 


: obſervation it is 0,01168. | * 70 
90g.” Sir I. NZwTrox gives the ae chnftrudtion for finding the ex- 

Fre. aan of the orbit, and the equation of the apogee. Let Z be the focus 
208. of the elliptic orbit deſcribed by the moon M, and EVI the mean place of 
the apogee, 'corrected by the annual equation (903); EE =O 505 the mean 
excentricity, EK =,04387 the leaſt excentricity of the moon's orbit, and EI 

506671 the greateſt ; biſect KI in F, and with the center F deſcribe the 

OM Circle IHK; take HFI equal to twice the diſtance of the true place of the 
ſun, from the place A of the 'apogee corrected by the annual equation, and 
EH will be the excentricity of the orbit, and HEF the equation of the 

- apogee, nearly. Let us now compare this conſtruction with our concluſions. 

The angle HE G being ſmall, if we conſider EH=EG, then EH- EF = FG 

S coſ. HFI coſ. twice the diſtance of the apogee once equated, from ſyzygies, 

to radius FI; but (906) the variation of the excentricity varies as that coſine 

nearly, therefore if the coſine expreſſes nearly the value in one caſe, it muſt 

always expreſs it; now when H comes to I, FG becomes FI, and expreſſes 

the variation in that caſe, by conſtruction; hence, FG expreſſes, in general, 

the variation, conſequently EH will be the excentricity. Alſo (if we conſider 

| the variation of EH to be very ſmall) HG may be conſidered as meaſuring 
the angle HEG, and HG is the fine of HFI twice the diftance of the apogee 
: from ſyzygies nearly, and (905) the equation of the apogee varies as that 
| : quantity; therefore if HE G expreſs the true variation in one caſe, it muſt in 

all; now when G coincides with F, GH=FD (FD being perpendicular to K 1) 

=0,01168, and the angle DEF=129. 15 which is very near to 129, 18' the 
greateſt equation ; hence, the angle HEG always expreſſes nearly the equation 

of the apogee. If X=the mean diſtance of the moon from the ſun, r= 


0,01168, the excentricity = 0 r x col. 2Z—2X very nearly. 


910. Produce EF to A the mean apogee of the orbit, and let L be the 
other focus, join MF, ML, MH, and on MF let fall the perpendicular Hv ; 
draw Er parallel to LAM, and ES towards the ſun. Now (227) 2EMF is the 
mean equation of the center, and 2 EMH is the equation at the given time; 
hence, 2 HMH is the difference of the two equations, or the EveFtion, whoſe | 
ſine is . or nearly = Ty = x ſin. HEM. Let Z the angle 
MLA the mean anomaly of the moon; alſo let X = the diſtance of the mean 
place of the moon from the ſun, or the angle SE, and 2 LME ME; 


then Z z= AEM the true anomaly of the moon, and X = 2 SEM; and 
as 
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ON THE THEORY OF THE MOON, 


as the moon moves quicker from the apogee than from the ſun, we have 
Z- X=SEN the true diſtance of the ſun from the apogee of the moon 
hence, 2Z—2X=HFI. Now MFA is very nearly = MLA=Z ; therefore 
MFH = 2X--Z; hence, if the mean radius of the lunar orbit be aſſumed 
unity, we have the evection 2 HF x fin. 2X—Z Z. Now when 2X — Z gos, 
the evection = 2HF o, o2 336, which is an arc of 1%. 20“. 18” the greateſt 


evection; hence, the evection at any other time is— 15. 20“. 18” x fin. X Z, | 


it being manifeſt from the conſtruction of the figure, that when 2X— Z is leſs 
than 180* the equation is ſubtractive, and additive when it is greater. 


On the Equation which depends upon the Place of the Apogee of the Moon in 
reſpect to the Sun. 


911. By Art. 864. the diſturbing force of $ upon M= 4 m EMA In 
x EM coſ. 2 MEC I K EM—imx EM x col. 2 MES = — & m x* 
EM x ITZ & col. 2 MES. But (868) EM=1—4w*+w x coſ. 2+} w* x 
col. 22, neglecting the higber powers of w; hence, the diſturbing force - 
Im xX 1-iw*X1+3xcol. 2 MES A mwxXcofl. 2z—-imw*X col. 22 1 mw 
x coſ. 2 MES x coſ. x 4 mw? x coſ. 2 MES X col. 22 = (as col. 2 MES x 
coſ. 22 1 coſ. 2 MES + 22 + 4 col. 22 —2MES) —ImX1-+ „ 
1+3Xxcof. 2MES—} mwxX coſ. 2 1 mw* X coſ. 22z—3 mw x col. 2 MES x 


col. 2 = a mw* x coſ. MEN + 2z—4 mw* x col. X 2 MES. Now: 
.z—- MES=SEN the diſtance of the ſun from the apogee N of the moon, which 
is conſtant in a whole revolution of the moon, when the poſition of the apogee 


in reſpect to the ſun is given; alſo, — 4 mz is conſtant; and if we negle& 3 mw? 
on account of it's ſmallneſs, all the other terms will be deſtroyed by the op- 
poſition of their ſigns, in a revolution of the moon. Therefore when the 
poſition of the ſun in reſpect to the apogee of the moon's orbit is given, the 
mean diſturbing force in one revolution of the moon is — 4 m— i mx col. 


22 2 MEI. Hence, the diſturbing force is greateſt when the line of the 
apſides paſs through the ſun, and leaſt, when it paſſes en quadratures 


in reſpect to the ſun. 
912. Hence, the mean force of the moon to the earth : the mean force in 


one revolution of the moon in any given ſituation of the apſides :: 1-2 
I-im—;mwxcol.22z-2MES (2 Z 2) nearly, :: 1: 11 . 
coſ. 2Z—2X nearly. But if 0 = the mean excentricity, and r = ,o1168, 


then will the true excentricity be equal to w+rXcof. 22 2K (908), and 
Vor. II. G conſequently 
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ON THE THEORY OF THE MOON, 


conſequently it's ſquare is 210 ＋ 2rw X coſ. 2Z — 2X nearly; ſubſtitute 
this therefore for w* in the above proportion, and we get the mean force 


of the moon to the earth: the mean force in n any given fituation of the 


apſides :: 1 : 1 mXw*+2rw Xx col. 2Z—2X Xx col. 2Z —2X = (as col. 
wy 2X x coſ. ZZ 2X 111 coſ. 4Z—4X) 1— mw? x coſ. 22 — 2K — 
3 mrw x col. 42 — 4X nearly; hence (875), the mean motion of the moon is 


chabged | in the ratio of 1: 1 2 mw*xXcof. 2Z—2X- nrw x col. 4Z—4X; 
conſequently the mean motion of the moon in the time the ſun departed from 


the apogee through the angle Z—X : the equation of the mean motion in 


that time :: the fluent of Z X, or Z -A, : the fluent of —3 m w* X coſ. 


22 — 2K XK 2 — 1 2 mtr wo x col. 42 = n 2.5 or - + mw* * fin. 22 2X 


bs 6 n ro X ſin. 4Z—-4X. Now when the ſun leaves the apogee, it comes 
to it again after it has deſcribed an angle of 40 557 as appears from the mean 
motion of the apogee found in Art. 902. Therefore in the time in which the 


fun has departed from the apogee through an angle Z— X, it's motion has 


been NZX A; hence, the mean motion of the 1 moon in that time has 


n 2139 „ 4057 2139 , 49597, =>. 
been _ * 1 4 * Ze Z—X; we have 8 720 ah XZ—X : 


the equation of the mean motion :: 2K — 4 mw? X ſin. 2 2 2 — 
3 


16 


„ £1: 56 3 md x fin. _ 2K — —32 x 49557 X MEER 


oo * 360 3 Ibo 360 16 
fin. 4Z—4X= — 20” x fin. 22 — 2 ob 271 x ſin. 42 — ag: 


To correct the Equation of the Center of. the Moon. | 


o ">, # 9 


913. If w be the mean excentricity of the moon's orbit, Z the correſponding 


mean anomaly, the true anomaly = Z — 220 & ſin. Z+ 3 70, X fin. 2Z (870) 
omitting the other terms; but (908) the true excentricity = 20 TX col. 


22 — 24, and the ſine of the aberration of the apſide from the mean place 


= 5 ſin. 22 — Za (924). Now (903) the annual equation of the mean 


motion of the apogee is = 19“. 3 5 * lin. Y, and therefore Z corrected by ap- 
plying 


= Mr x ſin. e conſequently. the n of the mean motion is 


"Wd 


ON THE razony \ap THE MOON. 


plying this correction of the apogee, is Z + 19˙ 3 5 "x ſin, 7; alſo, there is 970 
an annual equation of the mean motion of the moon = 12“. 55 x ſin. 7; applying 
therefore this correction alſo to Z, it becomes Z + 38 zo” X:fin. 7, Now 
in the ſecond term ({—2wxfin. Z), ſubſtitute for ſin. Z it's more correct 
value, fin. (Z+32'. 30“ Xx fin. 2) = ſin. Z+32'. 30“ X fin. x coſ. Z, and a 
new term 227 X 32. 30“ X fin. Y x coſ. Z is introduced, which is = — 


32“. 30“ wxlin. Z+Y +32, 30“ 20 & ſin. Z JT. If we were to correct this 


ſecond term, by ſubſtituting for 2 and Z their corrected values w +7 x col. 


2 and 2 - x fin. 22 — 2 as we do in the correction of the third 


term, it would produce the evection, which we have already determined 
(910). Next, in the third term (Ju x fin. 2Z), for w put w +7 * 
col. 2Z—2X (908), and for fin. 2 Zz write the value of it cor- 


rected for the principal equation of the apogee, that is, fin. (22 — _ X 


fin. 22 — 2) = ſin. 2Z— — Xx ſin. 2Z,—2X X col. 22 nearly, =fin. 2Z+ _ 


X fin. 2X — 75 X ſin. 4Z—2X, and we get theſe new terms 5 rw Xx fin 2X 


— 


r x ſin. 4Z 2K Tr x fin. 2Z x co. on 2X nearly, =(as the laſt 


term = rw A ſin. 4Z— 2X+* rW X fin. 2X) £ rw X fin. 2X. The pre- 
ceding correction Z + 32'. 20” x ſin. 7 of Z was not here introduced, 
on account of the ſmallneſs of the equations which it would have Shaping 


Hence, we have theſe new equations; — 32“, 30% wx fin. Z+7 +32. 30” w 
Fc ſin. Z FT Aru v ſin. 2X==1. 47” x fin. Z TF 1. 47 X lin. Z=7 
+5, 31 X ſin. 2X. 


To correct the Equation of the Variation of the Moon, 


914. The variation of the moon as already determined (889) is 35". 10” X 

1 — 3,299 x col. 7 x fin. 2X = 35. 10“ x fin. 2X—3,299cxcol. Y x fin. 2.X. 
Now (870) the difference of the true and mean places of the moon is 
2 X ſin. Z, omitting the other terms of the ſeries; but this is without 
conſidering the annual equation ＋ 12“. 55” x fin. Z, or ,003758 X fin. Y, of 
the moon; hence, the difference becomes — 2 w X fin. Z+,003758 X fin. Y; 
and conſidering X as the mean diſtance of the moon from the ſun, we have 
X—2w X lin, Z+,003758 Xin. J for a corrected diſtance of the ſun from 
8 2 the 


* 


_ - 
— — — — 
* Ra 2 
— 2 — DX. i — 222 
23 Aa a ut ws At 


* 


—ñä + 


—— — —— — 2 8 

- 2 ng — * 
— — — — - = — — — 

* a 

ö . — — vis 
* 2 TS IRE > o RY 
— AETIY EL. tne. - af: tv : m 
— —— — -K — cc ales.” 0 „— . 


ON THE THEORY OF 'THE MOON. 


the moon ; hence, fin. 2X brooms ſin. (2X 4 e fin. Z ＋, 007516 * ſin. Y) 
= fin. 2X = 4) fin: Z x col. 2X+,007516Xx(fin. Tx col. 2K = ſin. 2K 


Xx fin, 2X+ Z+2w Xin. 2X — 2X- Z + ,003758 x fin. 2X+7—,003758 x ſin. 


2X—Y. Hence, the corrected variation of the moon becomes 35. 10” x 
(fin. 2X—2w x fin 2X+Z+2w x ſin. 21 E , oog) 58 x ſin. * 


„003758 X ſin. 2 7) - 3, 299 X 35.10" X.c x coſ. 7 x (fin. 24 — 2 X ſin. 


2X+Z+2wX (ſin. 21 Z) nearly, omitting the other two terms on account 
of their ſmallneſs. But the laſt term, after actually multiplying each part of it 
into coſ. Y, may be further reſolved into — 3.299 & 3 5. 10“ * & ( fin. 
2X+7 +3 ſin. 2X-7—-wxfſin. 2X+Z+7—wxſin. XZ = T 20 x ſin. 
2X—-Z+T7+wx fin. E. Hence, beſides the equation 35. 10” x 2.X, 
we get the following, 3 35.10” „ ( 2 X ſin. 2X+Z+2wX ſin. 2X— Z + 
,003758 X fin. 2X+7— ,003758 X fin. 24 — 2X—Y)= 3, 299 X 35. 10" X c * 
(3 fin. TF 3 fin. 1 7—w x fin. 2X+Z+7—w & ſin. ZT TZ 
+w x ſin. 2X=Z+ 7+ x fin. 1 ZF) = — 7. 52“ x fin. 2X+Z + 
3. 52” x fin. 2X-Z+7",9 x fin. 2X+T7—7",9 x fin. 2X- = 58",4 x fin. 
2X+7Y = 58",4 x ſin. 2X—-7+6",4 x fin. 2X+Z+7 +6",4 x fin. 2X+Z—Y 
— 6”,4 x fin. 2X-Z+T—6",4 * ſin. 2X-Z—-Y . 52" x fin. 2X+Z 
+3". 52“ X fin. 3 50% 5 Xin. 2X + r. „3 X fin. 212 6",4 
x fin. 2X+Z+7+6",4 x fin. 2X+Z—7= 6% 4 X ſin. 2X=Z+7—6',4 x 
fin. 2X E T. 7 . ; 
915. The principal part of the variation is 35. 10“ X fin. 2X. Now let 2X 
(double the diſtance of the moon from the ſun) be corrected, by taking two 


terms (870) of the equation of the center of the moon, that is — 2 wx fin. Z 


+ £5 w* x ſin. 2Z, and then 2X becomes 2X— 4 x ſin. Z ＋ A w*x fin. 2X; 
ſubſtitute this therefore for 2X into 35. 10” x fin. 2X, and we get 35. 10” x 


fin. (2X—4w x fin. Z ＋ f x fin. 2Z) =35. 10“ x (fin. 24 4 x in. Z x 


coſ. 2X +5 w*x fin, 2Z x col. 2X); and the two firſt having been already 


conſidered, there ariſes a new equation 35”. 10” x 0 x fin. 2Z x coſ. 2X 


= 35. 10“ x5 w*x ſin. 2Z+2X+435. 10” x 5 w? x ſin. 6 
2 TT 8“ 2Z-—aX: 
916. The principal part of the variation may alſo be corrected, if & be 


corrected b by the equation of the evection, or if for X we ſubſtitute X= 2r x 


fin. 2X—-Z (910), in which caſe we get 35... 10“ * fin. (2X— 4r x fin, 
my £= Z) 3 10“ x lin. 24-355 10“ Xx 47 x col. 2Xx ſin. 2X=Z; hence, 


| there ariſes a new. equation. = 35". 10“ x 4r x cof..2Xx ſin. 21 Z= — 35. 10” 
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ON THE THEORY. or THE MOON. 53 > 


52 7 ſin. XZ +35. 10“ „ 2 ſin. Z= - 49,3 x fin. 4 Z+49%,3 


* = Z. 
. The variation will alſo vary in proportion to the diſturbing force of 


1 Now (893) the mean diſturbing force: that diſturbing force which 
ariſes from the different ſituations of the node of the lunar orbit :: 1: 5 5* x 
coſ. 27 — ZT; hence, there ariſes another correction of the variation = 3 5/. 10 
„ 2 x in. 2X x col. 28 — 2K 35. 10“ * 35 x ſin. 28 ＋ 35. 100 x1 x ſin. 
4X—28=12",5 x fin. 28 — 12“, 5 x fin. 28 — 4X. | 


To correct the E quation of the Evection of the Moon. 
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918. The evection (910) is - 27 „ ſin. 2 — 2 Z, and r=HF, which x4 
is proportional to m, or to the diſturbing force of the ſun; therefore, in 


general, the evection = — 1 —3c x col, Y x 2r x ſin. -Z; there ariſes there- - 
fore a new equation Ger x col. Ix fin. 2X= E= ger ſin. 2X — Z+Y+3cr + 
x ſin. 2X— Z— Y=+2"\ 1“ x ſin 2K -Z TTT 2“. 1“ x fin. 2 2 — F. 

919. On account of the various ſituations of the node, the diſturbing force 
(893) varies as 1: 1+ 24x coſ. 28—2X; hence, the evection becomes 


—1+35x col. 28 — 2X * 27 * ſin. 2 Z; there ariſes therefore a new equation 
=— 3#s*x col. 28S 2A x fin. 2 — Z=— 23 r5*x fin. 28 — 1 2 rs* x fin. - 


4X—-28—Z=—29" x ſin. 28— Z- 29“ x fin. 4X— 28 E. 

920. If double the diſtance of the moon from the- ſun (2X) be corrected by 
the annual equation (891), it becomes 2X + 25'. 50“ x fin. J, and if the 
mean motion Z of the moon from the apogee be corrected by the ſame equation 
12“. 55x lin, Y, and by the annual al equation - 19“, 35'x fin. fin. 7, then Z becomes 
Z + 32:. 30“ x ſin. Tz. hence, 2X — Z becomes 2X— 2X—-Z—6.-40" x ſin. T, 
therefore the evection becomes 2r & fin..(2X—Z— . 40“ x fin. 7) ar 
x ſin. 2X -Z 21 x 60. 40“ * ſin. I x col. 2.X— Z; hence, there ariſes a new 
equation — 2rix G. 40“ x fin. 7 x coſ. 2X>Z==—r x G. 40“ x fin. 2X -Z TT | 

+r x . 40" x ſin. 2X — * T= - 4%"x ſin. 2K -Z ＋T TT 42 x ſin. 
2X-Z2—-YT. © 

921. Hence, we have the following equations of the- moon's u en 5 
(reckoned upon it's orbit), to be applied to the mean in order to obtain the 
true dangirude; having collected þ into one term, all thoſe which bave the ſame - 


argument.. 


+: 
7g 
1 
ö 
* 


3 


. Pre AE Ber , —⁵⅝ÄÜc.!:ĩ %ͤᷣ OC Au Om Ao — re Ir - — » 


* 7 


54 oN THE" THEOTY OF THE Moon. 


Tz: 0 Hon her NY $1 07 Ae pode. « "29 

/// ͤ K oe | gt Ns * 4 

EE e $270 eee Od Tom 0. 37 ſin. 32. | 4 

1. 16. 26 ſin. 24 2 5 1 

f f ̃⅛ MMV | 4 
dg Sos ＋ 40. 41 fin. 2X. 

VII. „ + 12. LL fin. \ 

+ 


— 
S 


| — 1 
27 Z . 1 
a 11 47 In 9 » "2M N 
14. 0 . - * 1. 47 ſin. Z + 0 . + by 


- / — — — = EE 
© 122 - GO. oy * — 1 — 6,3 ſin. 2 Xx — . ; 8 


; PE To... „ „„ ©: 1 ; 1 
SHE EE; co det Md bs | | is 
F — 9. 49,3 ſin. 4X - Z. 1 x 1 
„ . Ort i. 28. 1 
C ry pid x. 28 | fin. 2S—2X. 
ß of | mn oy FOE 

I. 59,3 . —T. 

49,9 fin. 2X-Z+Y. 

1 r 
. K O. 12,5 fin. 28 — AK. KHER 
C ͤ . 0.400 a. 4X— yy pane. 

. „„ OI + oO. 6, 4 fin. 2. 
vitt 2: tir ASIF Cocos 78 $% ſin. ed 


2 
p< 
+ + + 


+ 
O 


 Aﬆ&. 
& - * 


as © 


| Theſe are the equations of the moon's longitude upon it's orbit, 
ALE from the principles. which Sir I. NEwro has given in his Principia; 
and it is manifeſt, that we might have proceeded in the ſame manner, and 
found many more ſmaller equations. By this method of treating the ſubject, 
the ſources of all the equations become manifeſt, and every one is calculated "= 
directly from the cauſe which produces it. Comparing theſe with the equa- - 
tions deduced from the dire& method, no greater difference is found, than 
what is obſerved to take place amongſt thoſe which are computed from the 
direct ſolution, by different Authors; and MavER, after his moſt laborious = 
calculations, founded upon a very elegant theory, was obliged to correct many 1 
of his equations from obſervations. We ſhall afterwards ſhow the reduction 1 
neceſſary to give the longitude upon the ecliptic. 9 


4 » 


923. The 


4 
— Db LS — = 


>: 
pa "mh 


$4 
0 
we. 
. 
* 
+, A 
"i 7 
* 
bY —_ 
2 
"4 
5 
. 
23 
N * 
AF; 
—X 
* 
* * 
8 
F 331 
* 
- 
7 
» Fay 
N 
9 


4 
4.4 
7 . 


odr TRE THEORY OF THE MOON. | 55 


923. The equation 1.49“, 9 K ſin. 2X--Z+7, Sir I Nzwron thus repreſents. - 
T he conſtruction of FIG. 208 remaining, make the angle MHr=2X-Z+Y,. Fic.- 
and take Hr =,0003 52, which Want ſubtends an angle of 1“ ll at M, 208. 
the whole equation being 2“. 260 according to Sir I. Nxwrox, and not 1. 49% 
as we make it; and Hmr will be the correction for this equation. For con- 
ceive the center of the lunar orbit to be tranſported from H to r, and to deſcribe 
a circle about H, and draw rs perpendicular to MH; then rs = = ,000352 * fin. - 
2X—Z+Y, therefore the angle MH =I 1. 123” x fin. X TV, which 
varies as fin, 2X— Z TV, and the whole quantity of variation is 2“. 25”, taking 
Hr on oppoſite ſides of H, and at right angles to MH. As therefore the 
whole variation of MH is (from this oonſtruction) the true quantity, and it 
varies in it's proper ratio, it muſt always repfeſent the true correction. 


4 F, jt 


On the Equations of the : horizontal Parallax of the Moon.- 


924. By Art. 868. the diſtance of the x moon from the center of the earth is 
1＋ 4 W x coſ. Z—Z3 x coſ. 2; but the horizontal parallax of the 
1+2z ITY 1 I 20 2 2 Z. 
=1 =} w*— 20 x col. Z + ww* x Col. Z- 4 w* x coſ. 2Z= (as col. Z. = cof. 


2Z +3) 1—wxcol. Z + w* x coſ. 2Z. Now (908) w+rxcol. 2Z 2X 
E A the true excentricity at che given time, and (909) the fine of HE G (the 


aberration of the line of the apfides from the mean place) = 2. — | 
Een — 7 8 6 * 20 E x col. 2Z—2X- 


moon is inverſely as the diſtance, or as 


= — X ſin. 22 — * nearly. Hence, if in the above expreſſion for the radius 


vector, we put w r x col. 222 for 20, and 2. fin. 22 2 for Z 3; 


and if for col. (Z=—x fin. 2Z—2X) we write col. Z+ © x fin. Z x fn. 


TOY * — . ; | 
2Z—2X (the col. of 3 fin. 2Z—2X being conſidered unity), we get the 


horizontal parallax of the moon proportional to 1—wx coſ. Z—r ſin. 2 


2 


r , 
x fin. 2Z—-2X=—rx col. Z x coſ. 22 — 2K & ſin. Z x fin. 26 2A x coſ. 


2Z—2X+w* x col. 2Z + 2wr x coſ. 2Z x col. 22 2. But fin. Z x ſin. 
2L —2X. 


ON THE THEORY OP THE*MOON. 


2Z—2X=3 col. Z= col. 3Z—2X; alſo, col. Z x co. 2Z—2X=3cel. 
2 21 col. 3Z—2X; laſtly, fin.-Z * fin. 2Z—-2Xx coſ. 22 2K = fin; 
Z x ſin. = Y =I coſ. 4X-3Z—J coſ. 5Z—4X; hence, by ſubſtitution, 
we get the horizontal parallax of the moon proportional to 1—wx col. Z 


＋ ww? + cal. 22 ] col. 15 15 x cal. N co. Z +wr 


. oof 2 + 2 col. 2 _ the mean horizontal parallax being 


unity. 


925. This would be the horizontal parallax of the moon in an elliptic orbit 
having the earth in it's focus ; but. on account of the change of the form of 
the orbit, at the diſtance X of the moon from the ſun, the radius (882) 


ö 1 oy ; | 
varies in the ratio of 1 125 x coſ. 2X : 1; hence, the parallax 


s af ＋ 5 ; I I MY 2 ; | . 
varies in the ratio of ———>—————::'.41, or as PRES col. 2X : 1; = 


1—— xcol. 2X _ = 
140 7 


chere ariſes . another equation + 125 x col. 2X of che parallax. The 


horizontal parallax of the moon is therefore 1 — w x cof. Z+w* x col. 2Z+ 


vt" Res 2 


wr + ZI * x col: e col. 2X=Z + wr x col. 


= + = — X col. 5Z—4X, the mean horizontal parallax being unity. 


If * we 8 7201168, W=,05505, and the mean equatorial pa- 
rallax to be 575 I 1" 4, as MAYER makes it, we have the equatorial horizontal 
parallax = 57'. 11',4— 3'. 8,9 x col. .Z+10",4.x coſ. 22 726% x coſ. 2X— 

Z,1xcol. N 3Z — 40 „I > col. 2X-Z+2",2 x col. 4Z—2X+ 2,1 x col. 
5Z—4X. Hence, we find (173) the horizontal parallax for any other 


Jatitude. 
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On the "Motion of the N oats f the: Moos: Orbit * 


926. If 2 be the coſine of any 1780 x, then 2 I coſ. 2 * 
2 A col. 2x+2 col, 4%; 2 85 7 coſ. 25 ＋ 35 16 coſ. 4 12 col. 6x; 
&c. radius being . This appears from the principhe of plane Trigono- 


Let E be the earth, C4 DB be the plane of the ecliptic, NM the 
cm orbit inclined to it, and ſuppoſed to be a circle, Nu the line of the 
nodes, IE the line of the ſyzygies perpendicular to CED, MK perpendicular 
to CD, Av a perpendicular to the plane of the moon's orbit, and vt, At per- 
pendicular to NEA. Now the ablatitious force acting on the moon at M 
att parallel to AE, and conſequently it makes the fame angle with the plane 
of the moon's orbit as AE does; and if we conceive AE to be a force, Av 
is that part of it which acts perpendicular to the plane of the moon's orbit; 
and if we put = the fine of the angle Av the inclination of the orbit, to ra- 
dius unity, then I: 8:3; At:  Av=s x At, hence, AE : the ablatitious force 


3MK (845) At 2 2 —7 ME” that part of the ablatitious force 
which acts perpendicular to the plane of the moon's orbit. Let the periodic 
time of the ſun : that of the moon :: 1: 1; then the part of the ablatitious 
force acting perpendicular to the moon's orbit: the ablatitious force :: 
WE 4 2 3 MK :: 5 x 4t : AE, and (858) the ablatitious force : 
the gravity of the moo : 3 MK : ME or AE; RENEE, the force acting 
perpendicular to the moon's orbit: the moon's gravity :: 3#* x At x MK 
: AE*, Now the velocity of the moon being repeoſented by the ſmall arc 
Mw deſcribed in a given time, the velocity generated by tlie gravity of the 
moon to the earth in the ſame time is repreſented by twice the ſagitta of Mw 
eee, eee e 1 een 1 
which = ME © F 5. hence, the ve ocity generated in a given time being 


M 3 x Mw* x At x MK 


the 


On account of the inclination of the moon's orbit, 3 MX does not accurately expreſs the 
ablatitious force; the difference however which this conſideration would make in the reſult is ſo 
very ſmall, that we ſhall here omit it. , 


Yor. II. H 
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1 oN THE THEORY OF THR MOON. F 
1 the velocity generated by the ablatitious force in a direction perpendicular to es 
| ll! the moon's orbit; draw therefore 202 perpendicular to the orbit and equal to x 
| ; this quantity, and deſcribe, the circle NM u, and NM, or uu, will be tile 1 
þ _  .. correſponding motion of the nodes. Draw np perpendicular to Mn. Now m 
| . N 5 Mw : g :: fin. Mp or . 1, which is Mk; 2 72 U LY and fin. pun” 
| | (s) : 1% = he : 1: 1 8 hence, the angle nEn' = 
9 w 7K | e Mt 23 „Mee < bn 42X5 
Wal. Sx ME x Mw ME AE E 
WRT) * fin MEC x fin. MEN the motion of the node, whilſt the moon deſcribes 
bl | Mao, 472 F denoting the angle which Mow ſubtends at Fe This 15 the caſe 
1 1 when the orbit is a circle. Let us conſider therefore what will be the motion 
1 of the nodes, if we diminiſh the diameter AB by a very ſmall quantity, and 
41 ſuppoſe the curve to become an ellipſe, the periodic time remaining the lame. 4 
Wl! | Fic. 928. Let CA'DB' be the ellipſe ; draw M perpendicular to CD, and 
| ul! p 210. migk parallel and indefinitely near to it; join EQ, EM, Eq, Em; with the 
; 108 | | center E deſcribe the circular arc gct; let ME be the line of the nodes, and 
1 1 draw Mr and 9s perpendicular to Ea.” Let one body deſcribe the circle 
„ and the other the ellipſe, and let them . ſet out together from C, then 50 will 
_ | _— come to M. Q, at the ſame time; for (805) the area CEA: CEA :: the 
7 | time through CM : the time through E and CEQ: CEA : the ue 
„ through C: the time through CA; but CEM: CEA :: CEQ. : CEA, 
Wil | therefore the time through CM : time through CA :: time throug gh CA: 
1 | the time through CA; but by ſuppoſition, the ſecond and fourth terms are 
0 equal, therefore the firſt and third are equal, and the bodies come to M and 
. 9 at the ſame time, and Mm, 9 q will be the cotemporary arcs deſcribed ; 
1 and the cotemporary areas deſcribed about E being in proportion to the whole | 
1 areas, we have Mm x ME : e :: EA: EA“ :: ME: EA,; therefore 73 
WH Mm : gc :: : EA'. But (845) the diſturbing forces at M and 9'are as 7 
1 | 1 MK: 2K very nearly *, and therefore (927) the motions perpendicular to w 
1 the planes of the orbits (repreſented in Art. 927. by 20) will be as MX : 9K. 7 
Willi | No the force acting perpendicular to the plane of the orbit at Q turns the 7 
Will | | plane about , and thereby produces a motion of the nodes; and the 1 
wal | motion produced by this force 1s Dn TIN with the motion Q g, or with 
| 4 li | the two motions De, cg, of which L hes in the line about which the pane 
. | 4 "> 1 
| ti 1 5 » They are not accurately ſo, as before obſerved, becauſe the orbits are a little inclined, to dj 
| } 1 the ecliptic CAB D, | | | ; 2 (7 


+ 
N 
. 
* 
13 
5 
BY 
1 
4 
{ 
= 
J 
of | 
. 
f 
1 


* * 
— - 1 
2 ry —_—* * 1 25 2 " oy ” 
: = . 5 4 N — ws _ * _ 52 = an on ng | 
3 * N ROWS TE. i, : D "IN 3 8 "6 7 annere * 1 - 
OS . 5 * + 6 * . . 8 e eee * n 2 * 4 „ 9 2 RR : " y „ ere 1 
L % þ 7 . of * oh! * 5 . 1 5 7 < 4 : Dn Pats =o * 6 5 - PE" 1 5 N 22 * N ? 90 2 * 25 4 1 by L 1 . — 
N "£4 . 7 % > » Y , ms LS "x bh _ . r FN, * 5 5 1 4 * = . 82 8 
7 8 7 5 2 WI * 2 ; ' 2 * N . NT e - s A x, s 2 2 N. 
D 2 8 N e e 8 2 Pte l 85 r * " 8 „„ A R , We I * 4 5 * 5 © | "IR - . 
8 q k "vx J - 1 0 4 2 ow! be 
no Sub ht N » \ MN * 4 N 2 4 * ＋ * * 3 I? | - CE 3 r — * * bs 5 1 2 
\ a © #.* p - N + * 5 
* . 3 N > "Cans * 2 N deln * 83 93 n N * $274 : n qo 8 
894 * "ER 4 r 2 . 1 . MY js 3507 * vor IF * a — = CES ® 20a - 6 - * 5 8 1 
3 4 3 a. * 1 N . 7 5 | Wis . * ey f p 
. 7 2 * | : * | ** C * 2 * 8 * "7 4 "5 . - 5 
5 #1 * — „ VA ERA . I 9 pre rd; oe fs * * vi 99S; Ne n 0 N . 5 ©. __ I a : 
is »* — 5 4 * G r 8 * p a > C - 
— 2 5 % Soy Mi TE 


„r 
— 4 
S 4% 
af > vo 
= 


>” ae 


a 44 agen 4 26s. 1/8 
CLLR „e 2420, et 
- Ge 0 7 
2 <£ a 


5 
j 

3 
1 

5. 
3 4 
x FS 
4 

44 


| ne” L 
_ 7. x 


r „ EOS * 
heb 1 
4% 


» - 
IM 
dt ner Rain, % v5 aaa 
. » 3 ry Way, © 8 , * 
. Tee REA, & - of ; 
N 4 2 * "ad ul * 3.5 * 
3 ROTTEN * iv 4 4 3 


* 

* 8 

* N 
1 


2 * * Pei (. 
— „ 3 
2 % 9 5 


ON THE THEORY. OF THE MOON; 


turns; therefore the motion of the nodes is the ſame as it would be in a body 
deſcribing the circular arc cq in the fame time. 


fion in the laſt Article - for the angle 1 Eu, we get the motion of the nodes of 


MK xXx Mr 
the circle : the cotemporary motion of the nodes of the ellipſe :: ME x Mm 


„SNN MK Mr 9K x Qs My = T 
" PExqc ME ' DEx FI but : 27 = fin, nEM = 


fin. EC + CEM = fin. nEC X col. CEM + fin. CEM x coſ. nEC; 


alſo, = fin. nE9 = ſin. 1EC+ CEP =fin. nEC x col. CEA fin. CEQ x 
coſ. EC; but in a whole revolution, col. CEM, and coſ. CE9 are deſtroyed 
by the oppoſition of their ſigns, and therefore to get the mean motions, the 


terms where they enter may be neglected; alſo, ſin. CEM = = 77 and ſin. 


CEA = = hence, the nean motion of the nodes of the circle : that of the 


* 
MK* ee EA 3 5 
e ! II Tx * Ex @t * : E A- : AE : EA. 
929. With the center E and radius Ea deſcribe the circle ab, and let that 
be the circle which the moon would have deſcribed if there had been no 


diſturbing forces, ſuppoſing CAB D to be the elliple which it would 


deſcribe without excentricity, from the diſturbing forces; and let the periodic 


time in this circle be equal to the periodic time in the circle CAB D, and 
conſequently equal to the periodic time in the ellipſe, according to the fore- 
going ſuppoſition. Now the periodic time in the circles being the ſame, the 
mean motion of the nodes (927) are the ſame; hence, the motion of the nodes 
0 the circular orbit ab : the WY of the nodes in the elliptic orbit ORD 


: EA : EA" :: (885) 70': 


Hence, from the firſt expreſ- 


59- 


adv. Now let us ſuppoſe 1 moon to deſcribe it's true orbit CAB D, in- Fic. 


which CD is the line of quadratures, AEB that of ſyzygies, 4 EI the major 
axis, E the earth in the focus, Fe the ſemi-minor axis; M the place of the 


moon, Mm a very ſmall arc; and with the center E, deſcribe the circles n, 
Ft, cutting the line Nu of the nodes in u, t; draw MK, Q, perpendicular to 
CD, and Mr, Qs, perpendicular to Na; and let a body revolving in the circle 
Ft, deſcribe 2 q in the time in which Mm is deſcribed. Now (818) the periodic 
time in the circle F is equal to the periodic time in the ellipſe; hence (805), 
on account of the equality of the periodic times, the area MEM: Q Eq, or 
ME x md : QEx2q, :: the whole area of the elliple : the whole area of the 
circle :: eF : ea; therefore md: Ag :: 2 xe HF: ME x ea. But (845) 
the gebing forces at M and Ware as MK, Dr "up nearly, and therefore 

H 2 (827) 
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on THE THEORY: OP. THE Moo. 


(827) the motions perpendicular to the plane of the orbits will be in the ſame 
ratio; hence, (as explained in the laſt Article) the motion of the nodes of 
the ellipſe in the time Mm is deſcribed : the motion of the nodes in the circle 


MK x Mr | NN 5 ME * / I! ME” 
whilſt 29 is deſcribed :: ME Tm * Wy 25 


" md © Dq © area EIn 
n MET RE area MEm area e 
* area E area ellip. area cire, © eF ea 
mean motion of the nodes of the ellipſe: the mean motion of the nodes of the 
ſum of all the areas N MEm WF of all the areas QE c _ area of elliple | 


circle :: 2 : 
f 4 th ea $7 * 


wp 1 5 4, therefore the mean motion of the nodes of the 
ellipſe is equal to 495 mean motion of the nodes of the circle. Hence, if 
(929) we find the mean motion of the nodes for a circular orbit, and diminiſh 
it in the ratio of 70: 69, we get the mean motion of the nodes of the true 
lunar orbit. It appears therefore that the motion of the nodes is not aſſected 
by the excentricity of the orbit, as Sir I. NEwTox ſuppoſed. 


931. The true motion of the nodes of the ellipſe at any time : the conn. 


hence, the 


| porary motion of the nodes of the circle WD 2 : ME® : Fx ea; ; 


et ea. 


. hence, when M E is a tan W between the ſemi-major and ſemi- 


minor axes, the true motion of the nodes of the ellipſe and circle are equal. 
932. If we take the nodes i in quadratures and the moon in ſyzygies, At, 


MK, Mk become each equal to AE, and the motion of the nodes = g E. 
and they are regratfive. Hence, il we take 1 ka * 56". 1. ; 127” the. 


5 mean horary motion of ard Moon, the ons motion of the nodes in this 


fituation will be 33“. 10”. 33”. 12” for a circular orbit; and if we 
diminiſh this in the ratio of 70: 69 on account of the elliptic form of the 
orbit, we have (930) 32“. 42”. 7” for the true horary motion of the nodes when 
the moon is in ſyzygies and the nodes in quadratures. And the horary motion 
of the nodes at any other time : this Ry 22 fin. AEN X ſin. ME Cx fin. 


MEN : the cube of radius. ; 

933. As often as any of the fines of AEN, MEC, MEN changes from 
poſitive to negative, the regreſſive motion of the nodes becomes progreſſive, 
and the contrary. Let the ſituation of the nodes be given; then fin. MEC 
becomes negative when the moon paſles through quadratures D, and the 
motion of the nodes becomes Progreflive ; when the moon paſſes the node , 
the ſin. ME N becomes negative, and the nodes become again regreſſive. 

Thus 


fin. NEA 
5 


i ] * — 


ON THE THEORY OF THE MOON. 


Thus it appears, that the nodes are progreſſive when the moon is paſſing be- 
tween quadratures and the neareſt node, and regreſſive for the other part of the 
revolution. Hence, in one revolution of the moon the nodes are regreſſive. 
When the fine of either of theſe three angles AEN, MEC, MEN, becomes 
So, the nodes are ſtationary. Hence, they are ſtationary when the ſun is in 
the node, when the moon is, in quadratures, and when the moon is in the 


node. 
934. The fine of MEN = fin. NEC = CEN=fin. ME Cx coſ. CE N 
coſ. MCE x ſin. CEN = fin. ME Cx fin. NEA = cof. ME CN cof. NEA; 
hence, if ME = 1, the true horary motion of the nodes = 3 x Mw. x 
fin. NEC x fin. NEA* zu x Mw x fin. MEC x coſ. MEC x fin. NEA 
x coſ. NEA. Now in a whole revolution of the moon, the poſition of the 
ſun and node remaining the ſame, the effect of the laſt term will be de- 
ſtroyed by the oppoſition of the ſigns of fin. MEC and coſ. MEC, the 
poſitive and negative ſigns of their product deſtroying one another in a 
whole fynodic revolution ; hence, we get the mean horary motion of 
the node in one ſynodic revolution of the moon g x Mw x fin. AEC x 
Now if the poſition of the node be given, and we ſubſtitute 
x coſ. 2MEC for the fin. MEC*, we have the mean horary motion of the 

zu x Mw x fin. NEA I= I coſ. 2MEC; and neglecting - col. 
24 EC the effect of which will be deſtroyed in one revolution of the moon 


75 oppoſition of it's ſigns, we get the mean horary motion of the nodes 


in one revolution of the moon = #n* x Mw x fin. NEA*. Now when the 


moon is in ſyzygies, the fin. MEC*=1, and cof. ME Co, therefore the 
horary motion of the nodes is then 35 x Mio x fin. NEA *. 
horary motion of the nodes in one ſynodic revolution of the moon 1s equal to 


half their horary motion when the moon is in ſyzygies, whatever be the 
poſition of the node. Now when the nodes are in quadratures and the moon 


in ſyzygies, their horary motion (932) is 32 42”, 77 hence, the mean horary 


motion of the nodes when in quacieatures | is 16“. 21”, 334“ in the elliptic orbit. 


In the circular orbit it is 16”. 35”. 16%. 36”. 


Hence, the mean 


935.4 As fin. VEA = Z= coſ. 2 NEA; the mean horary motion of the 


nodes in one ſynodic revolution of the moon N Mw x A coſ. 2 NEA 


=3n'> Mw—3n'x Mae col. 2 NEA; and as in one revolution of the ſun. 
in reſpect to the nodes, the laſt term will be deſtroyed by the oppoſition of 


it's figns; we get the mean horary- motion of the nodes = 1 , x Mw. 


Hence, the mean motion of the moon : the mean motion of the nodes :: 


Mw : z K Mw :: 1: 3 1. 


936. T o get the mean annual motion of the nodes, we a firſt cet their 
mean 


61 
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mean motion, upon ſuppoſition that they had been fixed for one revolution of 
the ſun, and then we ſhall get nearly the motion of the ſun in reſpect to 
the node; and by repeating the operation, we may apply corrections and 
arrive at any degree of accuracy. Now 1 :-n :: Mw : 2 the arc de- 


/ 


A : ? : a ; SE ; - 2 yg 
{ſcribed by the ſun in the time the moon deſcribes Mw, hence, Mw= = 


/ 


ſubſtitute therefore : for Mio, in 2 * x Mw. (which expreſſes the mean mo- 


tion of the nodes), and we have 2 *, 2' for the mean horary motion of the 


nodes; hence, if 3. 360®, we has 2 u * 360* = 209. 114 for the mean annual 
motion of the nodes, upon ſuppoſition that the ſun had retained the ſame 


fituation in reſpe& to the nodes through the whole revolution, which it would 


have had if the nodes had been fixed, or if it's motion in reſpect to the nodes 


had been 2; we muſt therefore correct this ſuppoſition, 


937. The mean horary motion of the nodes for one 3 of the moon 


is zu N Mw Xin. MCE* Xx fin. NEA*; ſubſtitute = 7 Mw, and put 


1-1 coſ. 2MCE for fin. MCE, neglecting the coſ. 2MCE as being de- 


ſtroyed by the oppoſition of ſigns in one revolution of the moon; hence, the 


mean motion of the nodes for one revolution of the moon is 2 1 N 


fin. NEA?, on ſuppoſition that the ſun's motion from the node had continued 


the ſame all the time as if the node had been fixed. 

938. Now let v the motion of the ſun in reſpect to the node in the time 
the ſun deſcribes 25, and the nodes deſcribe r x fin. NEA* nearly; then as the 
nodes are retrograde, v'=2'+3in2 N ſin. NEA*, therefore 2'= v' — 3 N 
fin. NIA = v — Z nv' x fin. NEA* very nearly. Subſtitute this for 
z'in 22 x ſin. MA,, and we have 2 av/X fin. NEA*—2 ivy x fin. NA 
for the mean motion of the nodes more nearly. Put now w'=the motion of 
the ſun in reſpect to the nodes, then w'=v'+2 nv'Xx lin. NEA n 
fin. NEA*, therefore v'= = 4 u x in. NEA*+ 2 xn. NI = 20. 


—2 nw'Xfin. NEA ＋ Z fin. MA nearly, the motion of the ſun in 


reſpect to the nodes more correctly; ſubſtitute this quantity therefore for z” in 
2 1 x ſin. NEA,, and we get 5 nw'x ſin. MA A 1 10 x fin. NEA*+ 


5 ww x ſin. W for the mean motion of the node ſtill more nearly ; 


hence, the motion of the ſun in reſpe& to the node becomes 20 ＋ f nw' x 


fn. NEA —2 n 20 x fin. NEA*+ Zu u x fin. VA. thus we may pro- 


8 
| ceed, 


the Bn. NEA'=4 oo. INEA +} col. 4NE4; the fin NA 


ON THE THEORY OF THE MOON. 


# 


ceed, correcting the mean motion of the node and the motion of the ſun in 
reſpect to it, as far as we pleaſe. Now (926) fin. NEA*=43i+4 col. 2NEA; 


+ 


5 
16 
2 co. M24 2. coſ. 4NEA 731 col. G NMEA; xc. and in a whole revo- 


7 
lution of the ſun in 3 to the node, the coſines of 2NEA, 4 NEA, G NEA, 


&c. will be deſtroyed a the oppoſition of ſigns ; therefore if for the powers 


of NEA we ſubſtitute = * * 2, &c. we ſhall get the mean motion of the 


nodes for one ie of the ſun in reſpect to the nodes, equal to w' x 


2 I i > 
I's IS 3) n*, where w' repreſents the ſun's motion in * to the 


4 32 128 | 

nodes ; hence, if we make 0 20 = 360*%, we have 360% x2 n _27 2 4 24 
1 128 

18%. 40 for the motion of the nodes between two conjunctions of the ſun and 

the node. If we had gone to another term of the ſeries, the motion would 

have been found = 18. 39/. Now in this time, the motion of the ſun muſt 

have been 360*%— 18*. 39'= 341%. 21; hence, 3417. 21" : 360* :: 18%. 39/,: 


19% 40' the mean regreſſive motion of the nodes in a year, upon ſuppoſition : 


that the orbit is a circle. Let us tfikrefore Ie the orbit to be an ellipſe 
deſcribed on CD, whoſe axis minor : AE :: 70; then (930), 70: 
69 :: 19. 40“ : 19. 23 the mean annual * of the nodes of the true 


lunar orbit. If we had conſidered the inclination of the orbit, it would 


have made the motion about 4 leſs; for it is manifeſt, that the inclination will 
diminiſh, by a very ſmall quantity, the value of MK; we may therefore ſup- 
poſe the mean annual motion to be 199. 19“. 


To find the Equations of the mean Motion of the Nodes. 


939. Aſſuming ME=1, and putting Mww=2, we have the fluxion of the 
motion of the nodes = = 3 & x'fin. AEN x fin. MEN x fin. MEC; but 


fin. ME CS coſ. MEA, and fin. AE NS ſin. MEN = MEA = fin. MEN x 
col. MEA = col. MEN x fin. MEA; hence, the motion of the nodes 


= —,34*Z x (fin. MEN* x col. NMEA = fin. MEN x col. MEN « fin... 
MEA x coſ. MEA = = 31*2 x (13 2 col. 2 MEN x 3+ +I col. 2 MEA = 
} 


2 ſin. 2MEN x & fin. 2MEA) = A #S x (I- coſ. 2MEN x 1 "Fool. 2MEA 
= in. 


— 
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= fin 2MEN x fin. 2 MEA) 2 n*2Z x (1+cof. 2MEA coſ. 2MEN— 
coſ. 2MEN x coſ. 2MEA = fin. 2MEN x fin. 2MEA). But — col. 2 MEN 
x coſ. 2MEA = ſin. 2 MEN x fin. 2 MEA = —cof. 2MEN = 2MEA = — 
coſ 2AEN; hence, the motion of the nodes = = 2 #*z x (1 +col. 2MEA— 
coſ. 2 MEN coſ. 2AEN). Now the mean motion of the moon is to that 
of the ſun as 1: », and let the mean motion of the moon be to that of the 
node as 1: m; then whilſt the moon deſcribes the angle Z, the fun deſcribes 
#Z, and the node z; and as the node is retrograde, Z n expreſſes the 
moon's motion from the node, or the angle MEN; alſo Z—nZ= the motion 
of the moon from the ſun, or the angle MEA; and »Z+mZ=the motion of 
the ſun from the node, or the angle AEN. Hence, the motion of the nodes 


=—2#*Z x (1+ coſ. 2Z—2nuZ—col. 22 + 2mZ — col, 2nZ+2mZ) = = 
2 * 2 1 1 E x coſ. 2Z—2nZ +23 ½ E x col. 2Z +2mZ+434Z x col. 


w— : | * — 
2 Z ＋2u, whoſe fluent is — 2 #*Z = 3 X 1 = * lin, 22 —2nZ+ 


« +0 
1* | 
nodes. And if X = the diſtance Z—#Z of the ſun from the moon, and 
for the diſtance Z+mZ of the moon for the node we put &, then 222 ＋ 
15 
u+m 


x fin, 2Z+2mZ +5 x 1 7 x ſin. 2E TZ NE the motion of the 


a2 Z SX; hence, the motion of the nodes becomes — 4 n* Z +23 x 


9 * ee = 
x fin. 28—2X+8 x 1 * fin. 28 — 3 x i fin. 2X. But (935) m=2 * 
and the firſt term expreſſes the mean motion of the nodes in a circular orbit; 


| 5 3 = 
hence, we get theſe equations of the mean motion of the nodes, 4 x 2227 fin, 
70M . 4 4 
0 


2 2 
7 Ly 
: x fin. 28-43 x — x ſin. 2X = . 31“. 18” x fin. 
; 1-7 


1 

eine = fit 
. 2S8—2X+7'. 11“ x fin. 28 J. 49“ x fin. 2X; and if theſe be diminiſhed 

in the ratio of 70: 69, we get the true equations, 15. 30. 1“ x fin, 28 2K 
7. 5" x fin 28 — 7. 42“ x fin, 2X. b i x 3 
940. The moon's motion being here aſſumed Z, if for Z we ſubſtitute = 
| (870) Z—2w x fin. Z, which is very nearly the true motion, and for Z we 5 
put Z — 2w * coſ. Zx Z; then the fluxion of the mean motion — 4 #*Z be- - 
x Z; and to find the annual effect, we muſt (891) multiply this quantity 7 
by 1—3cx coſ. 7; hence, the fluxion of the motion of the nodes from 9 
theſe cauſes = 1 Tf x coſ. Z x Z +2 nx col. Tx Y nearly, whoſe = 
fluent =—$ #7 +? * x lin, Z+ 2 uc x ſin, J; and the mean motion being 9 
227, 4 


_— 2 1 1 — M2, 8 - c : : 
N 3 8 r 40x". WY LE Sg Ca 1-4 * . 5 . 5 7 er 6 r xA 1 a ob r * 8 . 4 2 TT 8 4 n r 
” 9 ö ky wats e ERA OG as” > * e r * N e „„ „ e 1 Wag N * — „ rr CE" By ak 8X 23 af mp. P it AY 3 e 2 « . 
' — * 3 ths FR . 1 1 ET TI STE r « * . . $1 * FS & 10" 2 7 "i 5 ARR. f 32 RATS . » "OE IE he N » — * . - 
a antes * 8 * x" ITN PIR" mn ESE A 3 e SF 13 3 % . WES \ OPS. | AT”, th 93 * 4 84 N . eren N Fr th * ERC x F Ro hd g The > a. wa ub bb * . "I Py + 8 = 
3 N Its, > * J 6 1 * Os ha? 1 >. 4 . * 4 PN. , 3 9 1 > 92 1 1 N 8 ons OF F 5 —_ } 3 (ET a 4% 915 7 = 6 <a yabet; Ir p N * "Ie 
x > 8 3 4 < Is r. 1 3 . | 2 YI «I , L 1 91 ir * 3 1 * —— * a2 ; Wo K 5 2 * 7 
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— oO —— eb — — — 
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- # 17, the equations become 4 #7 x fin, Z+ A ne x fin, TS. 35“ x fin, Z 


79“, 43% x fin, 2 ; and theſe. diminiſhed io-the 1 ratio of Uh 1 give 10. 34" 
x ſin, Z ＋ 9, 35“ x ſin, for the true equations. F 


941. To correct the three equations found in Art. 939. | Firf, to correct 


1 * Z x col. 21 Z ＋ 2. For Z write Z - 2 7% x ſin, Z, and for E ſubſtitute 
Z 2 X coſ. Z * Z; allo, for the motion of the ſun 12 ſubſtitute a more 


correct value nZ— 2 cx ſin, 12; and multiply the whole by 1— 3c x coſ. 1, 
being the diſturbing force at any diſtance 1 + cx coſ. 2. (891); -hence, the 


1 
Y 3 9 8 


above equation becomes 3 * Zeri col. * x 13 c * col, Nn EN col, 


TZ 4e * * in, ng, multiply theſe, quantities together, and neglect 
thoſe terms in which the product we enters as being very ſmall, and we ſhall 


* — 4 


get the following quantity, z #*Z x'1-2wW x col. 23 el coſ. 
27 T2 Ac x ſin. uz; but coſ. 25 Z ＋ 2m 4e x im.nZ = col, 


T TZ ME Ax fin: ZN fin; 297 TZ nearly, -becauſe the coſ. of 40 * 
fin, 22 is nearly unity; hence, (neglecting 2 n*Z & col. 22 12 found in 
Art. 939. ), the correction becomes 3 1˙ 2 x —2w x col. 2 — Ze x col. nZ x 
col. ZZ Fame Z x ſin. 1Z x fin, 24 zm neatly,.. = 2 10 K Z ** 
col, Z x col. 25 21 * Z x col, .Z x col. e Z X 
fin. nZ x in. 22 T2; but coſ. Z x col. 27 TZ = coſ. 
ZZ T I coſ. 2 T Z; and coſ. 12 * col, ZN = 


4 col, 3n,+2amZ4+4 col. 72 Zz; alſo fin. v N ſin. an = coſ. 


ng Imp 4 coſ. ETZ; ſubſtitute theſe quantities, and collect the 
like terms rogethier, and the flaxional correction becomes, — f * x col. 


57511 10 11 1 


55 ef -f ede T2 


2 — — 


Lt ed 


2 
60 1 7952 h 8 — fin 144 — 
2 col. at the fen hich k. 40x H EIT 
n,. D 6 fir; NR 20 2 
— — — 32 62 water — * 
7 71 12 200 3 3 wen 3Zu T2 n * 1 
ſin. 2 | IF E Mints Jon 2X+2Z 
1 51s add FED Fibre 


nearly, = == 41x ſin, RY fin. FLAY a7; | Z =o 48” x fn 
ZN 2X+T7+1, 38" x ſin, 28S 2A Ke which two laſt diminiſhed in the 
ratlo of 50 69, giro 3, 45" x fin, 2 TAF, 37" x fin, 27 N 
the ſmaller equations it is unneceſſary thus to reduce. Y 
Vo, II. I 942. Secondly, 


— — 
—_ 2 — — 4 
S= = — 
— 4 — 2 — N . 4.4 — — 
— — — 2 — — 
- - — 
— —EVÿ — Dao wo ——I, — — — — — = 
2 — — 
* 


— 
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whoſe fluent is 2 32 wz— 2 — 1 x 
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942. ds to correct 3 1 x col. IZÞimZ. For Brite E 20 
fin. Z, and for Z ſubſtitute Z —2w x col. Z % Z, and multiply the whole 


by 1 — 3c x col. 1Z, and the equation becomes 3 #* Z x T2 x col. Z x 


1=3c x col. nZ x col. 22 T2 2 . ſin. Z; proceed now exactly the ſame 
fin. 28+Z 


as in the laſt operation, and we fhall get the correction =, — 2 WW X — 


fin, 2 Ny 3 fin. 28＋ 2 fin. 2 \ By 

e ade 2 1 LES a 2 — — * 
N * 1+2m . cr 2 +1 +2M a 2 — 1 ＋ n 45 0. 
FF FE 46" "x fin. 2 Z-11” * ſin. 27 - 11 x fin, 277 . 


943. Tuirdy, to correct 22 Z x col. 2Z—2nZ, For Z write 2487 
fin. Z, and for Z ſubſtitute Z 2 m X col. Z & Z, and multiply the whole by 
13. col. Z, and the equation becomes — 1 2 x i —2w x col. Z x 
I—-Zcx col. uZ x col. n = 4w x fin. Z; proceed now in in the lame 


ſin. 2X—Z 2 
1-29 
1 1 . Z 2 X — 
PR 2X+Z 5, 72 1 +4 „ fin 2 . + as: * 2 
3 38 2—31 F 
47 x lin. 2X+Z +12" x of NZ +12” x fin. XZ. Z. 


n 


manner as before, and we get the correction = = — 2" 10 x = +2 wr Mo 


944- The principal equation of the nodes is 3 u x ſin, Derbe (939) F 


therefore a more correct value of 2 E (twice the motion of the nodes) is 
2MmZ—4 nx in. zZ Tzu, the equation being ſubtracted, becauſe the mo- 
tion 21 Z of the nodes is retrograde, and this equation is additive, or to be 
applied according to the order of the ſigns. Subſtitute therefore this value 


for 2 n Z in 1 * x coſ. 2nZ+2mZ (which is the fluxion of the principal 


equation) and it becomes 3 n*Z x col. (2uZ+2mZ2Z—3 nx fin, 2nZ+2mZ), 


and omitting the equation already found, the reſult is à 2 Z x Ax ſin. 2E TZz u 


= Sl 7 col. e 2 ZZ x coſ. 4nZ+4mgz, 


* "4nZ ＋ 4m Z 9 3 | 9 2 
— — — 2 — | 
3 41 ＋ 4m 
9 


 4nZ+4m2z, hence, the equation 1 fin. 4uZ+4mZ = — I. 23 x ſin. 


128 
45— 4X, which diminiſhed in the ratio. of 20: 69, gives — 1.22” x in. 45,7 — 4X. 


945. The quantity A 12, found in deducing the laſt equation, continu- 


ally increaſes as Z increaſes, and i is therefore a correction of the mean motion 


3 422 


| | : 1 3 + o. 45 x fin. 1 


ON THE THEORY OF THE MOON. 


'— 2 #Z before found; hence, a more correct value of the mean motion is 


1724 2 Z. 12 


Hence, the equations of the mean motion of the nodes are, 


„ SU Tf 1” x ſin. 2S—2X. 

7. 5 X ſin. 28, 

7. 42 x fin. 2X. 

34 x fin. Z. 

9. 35 x in. - #7 | 
„ ©, 41 » fin. 25—2X+Z. 
VII. : + o. 55 x fin. 2S—2X—Z. 
VIII. — 3. 45 * ſin. 28 2K TZ. 

. %% ³ĩ ol” to $3 RINCNES 2X— F. 

; pat us „„ o. 45 x fin. 28+Z. | 


< 
| ++1 + 


„„ 11 » fin. 28 TT. 
XIII. „„ nn 
XII. 0.533 & fin. 24 E. 
| XV. . . 1 . 47 fin. 2X42 
XVII b. e ob i dd n. . 
XVII. R 2 8. 1a In. 1 Z. 
XVII. 3 p 286. "he BY x ſin. 48 4X. 


On the 8 Variation of e e. of the Moon's. our. 


10 Let NV. be the TER motion of the moon's nodes; draw Mk per- 
pendicular to Va; and My perpendicular to the ecliptic, and draw *, 
join M's, and draw & V perpendicular to Ms; then the angle MX is 
the 3 variation of the inclination. | Nou the ute NV. EN” : : 5 Mk 

4; MP or Toe 
„ Thy =» 5 © : ſin. MEN : „ coſ. MEN. "Now if the 
angle MEw=2Z, the motion of the nodes (927) is 3n* x Z x fin, AEN x fin. 


ME Cx fin, M EV hence, the aner variation of the 7 is 


68 


motion AN in don. 0 to. the diodes © 2: .941,3 4 3605 k hence, Z =— 


— 


- ON THE THEORY or TEE MOON, 
40000 hs MEN cad! MEN x cof. MEA. | Now oof, MEN im: col 


MEC= CEN =col. MEC coſ. CEN fin. ME C fin, CEN=cof. MEC 
x fin. AEN = fin. MEC x coſ. AEN; hence, the fluxion of the variation of 


the inclination is 3#*5Z „ ſin. AEN x fin. ME Cx (coſ. MEC x fin. AEN = 


fin. ME Cx coſ. AEN); now, in one ſynodic revolution of the moon, coſ. 
MEC will be deflroyed:; ; therefore the fluxion of the mean variation for that 


time 3 E x ſin. AEN x coſ. AEN x fin. NEC = g E x fin. AEN x col. 


AEN II col. NEU (for the mean of one ſynodic revolution) 3 1E x 
ſin. AE N x coſ. AEN*. Now the mean motion of the moon (Z) : that of 
the ſu 2139 160, and ( (938) the mean motion of the ſup: It's mean 


2139 * 34153 
160 x 360 


* — * 


x AN= I2, 68 x IN; therefore the fluxion of the mean variation of the in- 
clination, as the nodes move from quadratures to ſyzygies, is * 12,68 x * x 


AN x fin. AEN x col. EN = 19.02 x #*s.x fin AEN x fin. AEN AEN, whoſe 


1 ——— 


fluent is 9,51 x 1˙ x fun. AEN. 2 160. 24” x fin. AEN“, taking o, 896 it's 
mean value. This is fe for a circular orbit; diminiſh it in the ratio of 70: 69, 
and it becomes 160, 10” „ fin. AEN. Hende, the mean Fei of the in- 
clination varies as the ſquare of the fine of the ſun's diſtance from the node. 


When AEN = 90*; the mean dimmution is 16“. 16”. + This is the mean for 


one revolution of the moon when the hodes come into quadratures ; it's half 
therefore 8“. 5” is the! mean: variation from the mean inclination of the orbit. 
Now fin. TEN. 4 —3-col. 2zAEN. i Hence, the mean variation 8“. 5” — 8', 5 

x col. 2AEN, which ſubtracted from &. 5“ the mean variation from the mean 
inclination gives 8. 5” x coſ. 2 AEN, the quantity to be applied to the mean 


inclination in order to get the mean inclination for one revolution of the moon 
at any time. 3 


947. Now when the nodes are in quadratures, the fluxion of the variation 
is 31 Z x ſii MEC. x coſ. ME C (the fin. AEN being unity) = 31s x 


fin. MEC x fin. MEC, whoſe fluent is L #*s x fin. MEC = (aſſuming 


s=,0871 the ſine of the inclination at this time) 2“. 31“ x fin, MEC*; but 


this muſt be increaſed in the ratio of the periodic to the 1 revolution for 


ide teaſon in Art. 867. hence, the variation 2, 430% X fin. MEC for a 


circular orbit; which, diminiſhed i in the ratio of 70 : 69, gives 2/. 40% x 
ſin. EC. for the \ 36-235 of the inclination, cz, when. the moon is 
4 in 


os 
* t oY * 7 * 
N. a2 5 5 


* . the aide variation: 51 the W is ſin. AZE Nx coſ. AEN, or as s Xfin. 2AEN,. 


from which Sir I. NewToxN, Pr. 35, Lib, 3. deduces his very elegant conſtruction for finding the 
inclination at any time, 


. La 
FE 
4 


— 
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& 
in ſyzygies, the variation = 2“. 40“, is the diminution of the inclination 
in the tranſit of the moon from the nodes (in quadratures) to ſyzygies; the half 
of which 17. 20” is the variation from the mean inclination in that time. 
Hence (946), in the tranſit of the nodes from ſyzygies to quadratures, when 
the moon is in quadratures the variation of the inclination has been 16/, 10” 
—1. 20" =14" 9 and when the moon is in ſyzygies, the variation has been 
16. 10“ ＋ 1“. 200 17. 30“; therefore if the inclination be 5. 17. 20” when 
the nodes are in lyzygies, the leaſt inclination becomes 4*. 59“ 50”, and the 


mean = 5*% 8,35 


To find the Equations of the V. N * the Inclination of the Lunar Orbit. 
| | 


AEN x fin MEN x coſ. MEA; but (946) the motion of the nodes: the 


cotemporary variation of the inclination :: fin. MEN : $s x col. MEN; 


hence, the fluxion of the variation of the inclination is 3#*sZ x ſin. AEN x 
coſ. MEN x col. MEA. Now, writing the fines and coſines with their proper 
ſigns, when the inclination is diminiſhing this fluxion is poſitive, and when 
the inclination is increaſing the fluxion is negative; therefore that it may be 
properly applied, it's ſign muſt be changed. But AEN= MEN = MEA, there- 
fore ſin. AEN=ſin. MEN x coſ. MEA = ſin. MEA x col. MEN; hence, 
the fluxion of the variation of the inclination= — 3#*s5Z x col. MEA x ſin. 
MEN „ coſ. MEN = col. ME NV x ſin. MEA x cof. MEA 3-1 *:Z „ 
(£+4 col. 2MEA x | fin. 2MEN=4 +4 col. 2MEN x I fin. 2MEA) = 
— 2 £52 x (fin. ME N = fin. 2MEA +fin. 2 MEN = 2MEA) = —2 is Z 
x (fin. 2 MEN = fin, 2 MEA + fin. 2AEN). Now this is the ſame ex- 


preſſion as that for the motion of the nodes, except that we have here the fines 
of the angles inſtead of the coſines; therefore making the ſame ſubſtitution 


here as in Art. 939. we get the fluxion of the variation of the inclination. 


=—2 #5Z x (fin. 2#Z+ 2mZ + ſin. 2Z + 2mZ—ſin. 22 — 24uZ), whoſe 
ver. fin. 222 + 2mZ 4 Ver fin. 2Z + 2mZ 


fluent is — 2 n*s x [ 
Zu +2M 2 +2M 
ver. fin. 2Z — 24 . {1 =col. ZE TZ 1 coſ. 22 TZ 
2—2 u is * 5 21 ＋72 1 2 272 
1 — coſ. 22 — 2E 3 . 21s 
F 222 } Sant fr + * 8767 
x col. 


948. By Art. 927. the Suxion of the motion of the nodes is 3 x fin, 


70 


ver. fin. 2uZ+2mZ + 2 


ON THE THEORY OF THE MOON. 


1 * 5 


x coſ. 27 2.X + 5 255 - x coſ. 25 — = 87 * coſ. 2X; and the three equa- 


tions are 8“. 12” x coſ. 28 2K T 30“ x col. 2S— 42“ & col. coſ. 2X, which dimi- 


niſhed in the ratio of 70: 69, gives 80. 5" x coſ. 25 2X + 38“ x col. 28 
- 414“ x coſ. 2X for the true equations. And the three conſtant quantities 
ſhow that the mean inclination of the orbit is leſs than it would have been if 
there had been no diſturbing force, | a 

949. To correct theſe three equations. Firſt, let us take —} 252 x ſin 
2E T2 Z; in which, for Z write Z 2 x col. Z x EZ, for nZ write nZ 
— 2c x fin. nZ, and for 2 Z write 2mZ—# M * ſin. 2uZ+2mZ, which is 
the correction of the motion of the node by it's principal equation (939), and 
multiply the whole by 1— 3c x cof. Z, for the reaſons already given in 


Art. 941. and the equation becomes — 2 #*5Z x 1—2w x col. Z x 
1—3c x col. 2E x ſin. (24uZ+2mZ—4c x lin. Z- A n x ſin. 2E ＋ 24); 
but ſin. (2#Z + 2mZ — 4c x ſin; nZ — 2 1 x fin. 21 Z + 2mZ) = fin, 
21Z+2mz—coſ. 21 Z TZ x 4c x fin. nZ+3 nx lin. 2nZ+2mZ nearly, 


becauſe 4c x fin. uZ+2 n x ſin, 2nZ+2mZ being ſmall, it's coſine is nearly 
=1, and we may put that quantity itſelf for it's ſine; make therefore this 
ſubſtitution, and actually multiply the quantities, and reject — 2 * x fin. 


2nZ+2mZ which is the equation to be corrected, and we get the fluxional 
correction = 2 2 1 x coſ. Z x ſin. 2 1 T2 +22 60 x col. nZ x ſin. 


212 + 3 3 „ ſin. 12 x col. 22 + 27 = 75 13 s 2 fin, 


212 + 2MZ x coſ. InZT am? nearly, = 2 1 520 Z x ſin. 22 + acct 2 ＋ 
5 n*$WZ x ſin. 2nZ+ 2mZ—Z + _ *icZ x fin. 3uZ TZ u 102 X 


ſin. 12 + zmZ + +2 154 x fin. anZ Fam, whoſ flaent E : Un SW X 


Ver. fin. 24Z + 212 — F 4 
1+2n+2m . 21 ＋2 1-1 


ver. ſin. 32 Z ＋2 u. ver. ſin. 22 222 9 


+ T's 


: + ILY > * 
3u 2m nn 3 „ * 
ver. ſin. anZ+amZ 8 "STO 
— — = (by ſubſtitut — — 
142 (by ituting 1 — col, for ver. ſin.) r 
"SW 2 iy | 2 ST 21 Z ＋2 1 2 +7 
. {ves + 7 * 2 col. 2nZh+2amAzA+ZU+2 x 


1 * $76 


——— — 
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n*5 20 — — — Nr; | 
* col, 2uZ +2mZ—Z—j;nsc x col. 33 Z TZ ET nsc » coſ. 
1 — 


| nZ+2mZz=— — 

and therefore only affect the mean inclination ; and the laſt five expreſs the 
corrections of the aſſumed equation. Now 2#Z+2mZ+Z=28—2X+7Z, 

2nZ+2mZ—Z=28—2X—-Z, 3n4+2m4=2S8—2X+Y, nZ+2mZ=2 8 
—2X—Y, and 4 Zz ＋ n 4&4; and by ſubſtituting for », w, c and s 
their values, we get theſe equations, — 32” x col. 2S—2X +Z + 5” x 0b. 
23-2X—Z—20% x col. 28 — 2X+T7+82” x coſ. 2S— 2X—YT—75.3" x cok 
e It is unneceſſary to reduce theſe ſmall equations in the ratio of 

: 6g. 

oy 950. Secondly, to correct — —3 #5Z x fin. 2Z+2 JT. For Z put Z 270 
„ fin. Z, and for Z write Z 22 N col. Zx Z, omitting the other corrections, 
as the effects which they here produce are very ſmall; hence, the quantity 
becomes — 2 * I 2 ⁹ ] col. Z & ſin. (2 Z ＋2 1 2 4 70 „ ſin. Z) = — 
2 * x1—2Wwxcol. Z x (fin. 2 Zz .= A x ſin. Z * coſ. 2Z+2mZ) 
Z x1-2wxcol. Z x (fin. 2Z+2mZ—2w x fin. 3Z+2mez + 


2w x ſin. Z+2mZ), and neglecting = 3 1 Z x fin. 2 Z+2mZ which is the 


given quantity, and alſo thoſe terms where w* enters as being very ſmall, we 


get the fluxional correction = 2 ws Z x in. 3 3Z+2mZ—3 * Z x ſin. 
Z+2mZ+® 1 20 Z x col. Z X Gn. N e 2 1 52 x fin. 3Z+2mZ 


—2 x 2.v5Z x fin. Z + Z 1 Z ＋ 2 i 205 Z x ſin. 3272 ＋ 2 * 02 x ſin. 
1 — col. 3 


ZT zu, whoſe fluent is > n*ws x rae 7 5 1 Bs = = 2 n*WS x 
1 — col. „ 5 ©, 01 . 1—col. Z 2 
142 3721 I+2m 


SZ — Ln*ws +2 8205 — 2 1* W5—| #n* Ws x col. 32 Z ＋ = WS 


x col. Z + 21 2 — 3 u*ws x col. 32 +2mZ — 2 ms x col. Z + 2meZ = 
(omitting the conſtant quantities which affect only the mean, inclination} 


— 2 n*ws5 x col. 3Z+2mZ+3 n*ws x col. Z TZ L= = 41“ x col. 3Z+2mz. 
+44” x coſ. Z+2mZL= 44 x col. 25 +2 +44" x oof. 2S = Z, the corrections 


required. 
951. Thirdly, to correct 7 u*5Z x fin. 2Z—-2nZ, For Z put Z-2w x 
fin. Z, and for Z put Z - 2 x coſ. Z x A; and the given quantity becomes 


2 1 x1—2wx col. Z x fin. (2L— 2nZ—4w x in. Z) n SZ. x 


1-2wxcol. Z x (fin. 22 22 4x ſin. Z x coſ. 2Z—2nZ) =? 1*5Z x 
* 


71 


72 


2 * — Z the equations required. 


* 


wY THE nada or THE MOON, 


I—2w x col, Z x (an. 22 2 2 1 „ ſin. 32 2 Tzu ſin. Z- 27 /), 
and neglecting ꝛ es x fin. Z Zu which is the given quantity, and alſo 
thoſe terms where 0 enters on account of their ſmallneſs, and collecting the 
like terms, we get the fluxional correction 2 4 17% J Z x fin. 32222 


—B I_ 


2 1 0 2 x fin. Z 2 Z, whoſe fluent is - 2 n*ws x TELE 1 


322 

1 — col. 2222 u*W 5 M 7 * 
T2122 TOS „ — 2 X — X - +2 x —— x col, 
: I-24 4 ans 1-28 * 3-2% 238 


34 — 21 — 4 x 


- x col, Z—2n4, and omitting the conſtant terms as 


: i 1 Re: TS 1 29 ' 
affecting only the mean inclination, we get the corrections = 2. x —— 


x col, XYZ: X —_— x cof, 2 X=Z=44" X col 2X+ 275 X col 


7 _ 


Hence, the variation of the inclination from the mean quantity is, 


FFF 1 col. 27 — 2X. 
TT. 0 SB ot. SIC 28, 

lll... SITE c0Ted- 

IV . . , -6, gt x coſ. 28-2X+2Z, 

JFF as. OE £29 

VIe , +. . 205 x oof. Nr 

VIII. -'. +0. 82 x col. K- 85 

... . ee. „ 
% a6 HINGE RISE 
X. „40. a4 x col. . 

XI. 0e. 44 x col, 2X+Z, 
XIII. 0. 5, x co, 2K Z. 


Theſe arguments are, ſo far as they go, the ſamo as thoſe for the 
equations of the motion of the nodes, only in terms of the coſines inſtead of 


the fines; and the coefficients of theſe arguments are reſpectively equal to thoſe 


in the equations of the motion of the _— e 500 5597 the ane of the 
mean inchnation, 14> 46 438.0, 


952. The 
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952. The conſtant quantities which have afiſen in deducing the variation 
of the inclination in the four laſt Articles, ſhow how much the mean inclina- 


tion is affected by the diſturbing forces. Now theſe quantities are the ſame 


as the reſpective co-efficients of the equations with a contrary ſign ; therefore 
che ſum of all the conſtant quantities is — 7”. 433”, which, being negative, ſhows 
that the mean inclination of the lunar orbit is 7. 435“ leſs than it would have 
been, if there had been no diſturbing forces. Now if we take the fituation of 
the ſun, moon and node ſuch, that all the arguments may become =o, their 
coſines will be unity, and the whole variation from the mean will become 
 =+7: 432”; at that time therefore the inclination of the orbit is the ſame as 

it would have been if the motion of the moon had not been diſturbed by the 
ſun's attraction. When all the arguments become go? or 270*, the coſine 
of each vaniſhes, and the inclination of the orbit becomes the mean inclination. 


953. If NM be. the moon's orbit, N / the echptic, MY perpendicular to 
N, and M the place of the moon, whoſe diſtance MN from the node is 


known; then if the true inclination MMV of the orbit be found by applying 
the above equations to the mean MNCHBatOn, | we have fin. MF x fin, MNY 
=ſin. V the latitude of the moon. A 

954. Let the moon be in the node, and the node in 1 of the ſun, 
then So, X o'; and neglecting all the equations except the three firſt, 


we get the equation = — 8, 5 "+ 384"+ 415" 2 605. 45 „the quantity by 


which the mean inclination is diminiſhed, Now let the moon have moved v 
to the ſun in quadratures, then S = go), X o, and the equation 8“. 5 


383“ 411“ 9“. 25” the quantity by which the mean inclination is dimi- 


niſhed, and at which time the inclination is the leaſt poſſible, the principal 
equations being all negative. Hence, in the paſſage of the moon from the 


node to the ſun in quadratures, the inclination has dinuniſhed 9. 25 69 45” 


= 2/,,40" In Art. 947- we found it to be 20. 40% 7. 


955. Let the ſun and moon be in che node, then * 205 I So; 3 


che equation =$.. 5+ 383” — 4.14 V=8, 2', the quantity by which the mean 


inclination 1s increaſed, and the inclination is now the greateſt, omitting the. 


ſmaller equations. 


. 


the time the fun leaves the node till it comes to 8 5 next node. For one re- 
volution of the moon, the mean variation from the mean inclinat ion (948) is 
8“. 5” coſ. 28 — 2X, or as the coſine of double che diſtance of the ſun from the 
node. When the ſun is in the node, the coſine of 28— 2X is +1, the greateſt 
poſſible ; therefore the inclination is the greateſt, As the ſun recedes from the 
node, the coſine of 2S+ 2X decreaſes. till the ſun comes into quadratures of 


the nodes, at which time the coſine of 28 2X is = 1, the leaſt poſſible; 


Vor. II. K | therefore 
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therefore the inclination is the leaſt poſſible; conſequently: the mean inclination 
has decreaſed from the time the ſun leaves the nodes till it comes into quadra- 
tures, Now from the time the ſun leaves quadratures till it comes to the next node, 
the cofine of 25 = 2X increaſes from:+1 to. +1, confequently the inclination 
increaſes for that time, and then becomes the fame as it was when the ſun left 
the preceding node. We have here conſidered the inclination without any 
reference to the place of the moon in it's orbit, which, as appears from the 
other equations, will affect the inclination; the inclination here mentioned 
muſt therefore be conſidered as nearly the mean inclination for a revolution of 
the moon. Hence, the whole variation in the tranſit of the ſun from the daes 
to quadratures is the difference between — 8.5” and ＋ N. 5“, or 16“. 10“ as 
before ſtated Sir J. NEwrox makes it 16“. 234“ for a circular orbit, which 
diminiſhed in the ratio of 70: 69, gives 16": 94“. The other ſmall equations 
have alſo their periods, in which oy return to the n quantity. Hence, 
the mean inclination remains Deen Toa 0-8 E VV 


'S * f : * 
7 . . we? 4 9 8 1 


„ 


9 


- 


7 reduce the Place 7 the Moon in in a 5 Orkit, ” the Ecliptic. 


957+ By ſpherical Trigonometry we have, tan. NV = col. N * tan. NM= 


VIS x tan, NM = 127 „tan. NM; hence, tan. N- NI =.. 


; s * tan. N 5 fin. N M 
1 ＋ 1 4 35 x tan. N 285 (Pucking cof. N 
2 5*x ſin. NM x coſ. NM 
| => — fir . NM = — 2 
147 NM. I 5* x fin x col. Nn nearly, LI 5* x 
ſin. 2NM; and as NV NM is very ſmall; we may conſider this quantity as 
expreſſing the difference of the two arcs. Now the moon's diſtance from: the 


for, tan. NM) — 


node S- nx fin. 28 2 X nearly, the latter term being (9 39) the principal 


equation of the nodes; and if we correct the value of $ by the principal equa- 
tion of the center - 2 20 K fin. Z, we get a more correct value of NMH — 
S- 2 9 * ſin. Z 1 nx fin. 28 — 2X ; allo, if we correct the value of s by the 


principal equation 4 54 x coſ. 2S—2X (948) of the inclination, it becomes 


S+3 in col. N ; hence, NY NM becomes = = fin. (2 — 4% x fin. Z 


N 55 4 ** rent 28 — N) nearly, = (ſin, a8 


* 


16 


ee COP ain. ae 26, 1 x ſin. 28 x coſ. 20 2 24 + 


M67 , ; FE: 6 
851 „ | | as 5 lt 


auer. Zxco. 28 ffn 28 — 2X xcol. 28) * ( 40 = Sunxeal 28=2X) 


ow THE THEORY OF THE Moon 
25 Nx col, an fin. 28 — 2X nearly, = — 4 5 * x ſin, 26+} * 10 x fin. 25 2S +Z 


45 % fg. 2 2 — - 4 nx fin 2X = —. 54 4 K fin. ee 


i * 4 #4 78 1 : * 


8 1 3 8 Jah 23" fin. 2 2X the reduction. 


9 I Hence, we may reduce the equations ( 921) for the longitude upon 


the moon's orbit, to the longitude upon the ecliptic, by applying the firſt, 
third and. fourth equations to the equations XV. XVII. and VI. having the 


ſame arguments, and adding the third equation; hence, we get the following 


equations of the moon's longitude upon the ecliptic. 5 8 
as Fa „ 
JJ oo I 
V 
F EPR > "7; bo 16. 26 1 fin. 2X - 2. 
„% i 08-0 aX+Z. 
JJ... Pa jet a) 4 
VIE: +: —· A 4.1 4, 186-66: 2 
JJ. O99 77 or ET 
4 K.. TE „ 5. 47 fin. Z TT. W 
"SE > ac 3 1 6,3 fin; 2X ac! Ec 54 4 


is * „ o 
. 2 XI; ; 1 5 4 00 505. ſin. ZX TF. | *LEL *1 
— a —— rn ; 
20 ll e 6 ile 2.99, 06:32 1 a= 2X; 
n j . +" EM. - 4E . 2,1. fin. 4Z—4X. 
— 
— 


0. 49,3 ſin. 44 Z. 

6. 41, ſin, 28. 4 
1. 28 fin, 2. 

1. Ig ſin. 28 . 

o. 46 fin; 2TFZ. 


+ 

> + per . 2, 18 fin. 2X = FO 7 
+ 
+ 


2. 3 fin, 2 Z TJ. 
8 ſin. 2Z+2X, 


XXII. 5 . O. 1255 ſin, 2 AN. 5 72 10 | 37 | 


ä o. 29 fin. 22 „ 
- + 43 ES „ 0. Ge fin. 2F4ZF=T 
XXV. 1 o. 6, 4 fin, 2X+Z+ 


K 2 
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ö t nes „eden 
o the true Place 40 Motion of the Moons Apogee. 
| ) N 15 +34, , &S Mt 307 

9 559. ta N be the nean place of the 1 moon 8 7s aphy ee corrected by it it's anus! 
equation, N the major axis of the moon's orbit, the earth, F the center of 
the orbit, EI, ER the greateſt and leaſt excentricity, and with the center # 
and radius FI deſcribe a circle IC KB, and draw AE D perpendicular toNn; 
draw ES towards the ſun, and make the angle IFH=2NES, and draw 
EHN", and it gives (90g) the ſituation of the apogee corfected by it's annual 
and it's great equation. ence, when the ſun is in the apogee V, W. coincides. 
with N; when EN” becomes a tangent to the circle at C, FHR becomes a 
right angle, and M is then got to it's limit; when tlie ſun comes to quadra- 
tures at 4, H coincides with K, and N' with N; as the ſun moves from 
quadratures A to the perigee u, when EN” becomes a tangent to the circle 
at B, N' gets to it's limit on that fide of N; when the ſun comes into 
ſyzygies at 2, H then coincides with J, and N' with N, and the period of the 
equation is completed. The fame takes place whilſt the ſub moves from ſyzy- 
gies at to NV. 

960. By Art. OF principal equation of the apogee is the abgle HEV; 
now in that triangle, we know EF, FH and the angle EFH, which is the ſup- 


plement of HV, or twice the diſtance of the ſin from the mean place of the 


apogee corrected by the annual equation (903); hence, EF FTH: EF FH 
: tan. 3 . FHE+FEH « tan. 3 EHE FEH; and if we take EF: FH :: 

3 1168 according to. Sir I. NxEwTOx, the log. of EF— FH log. of 

EF+FH= - 0,18913175; hence, if from the log. tan. of T. FHEF FER we 


ſubtract o, 187131), we have the log. tan. of 3.FHE— FEH, and this ſub- 


tracted from the third term leaves the angle HEV, and thus a Table of this 
equation may be very readily conſtructed. This equation of the dpogee added 
to it's place as corrected aboye, whilſt the ſun. moves from ſyzygies to quadra- 


tures of the apſides, or ſubrracted whilſt it moves from quadratures to ſyzygies, 


gives the place of the apogee corre&ted by the great equation. The following 
Table of this equation and of the excentricity of the moon's orbit is taken 
from Dr. HALLEL's Aſtronomical Tables; the argument, called the Annual 
Argument, 1s the diſtants of the ſun fro the mean > of the * cor- 
rected by 1 it's annual 2 b 


' A TABLE OF THE GREAT EQUATION OF THE MOON's APOGEE, 79 
AND OF THE ECCENTRICITY OF IT's ORBIT. | 


Sig. I. VII. 


ll 


Sig. II. VIII. 


Ar Sig. O. VI. X 


Ann. Equation of Excentri- Equation of Excentri- Equation of en 
Arg. » 's Apogee city of the » 's Apogee city of the D 's Apogee city of the Arg. 
— — Moon's Moon's Moon's — 
Deg.] D. M. s.] Orbit. [o. M. s.] Orbit. [p. M. 8. Orbit, Deg. 
o fü. 0. 0. 06677 9. 27. 57 | ,061754 |j11. 40. 0, 050224 30 
: 1. 21. 4.066771 9. 42. 12 | 061434 (11. 30. 39 „049838 N. 
2 | 0. 42. 8,0667549. 55. 58 | ,061107 l. 20. 14 50494572 
— | I. 3. 10066724 flo. 9. 14| ,060772 ||[1. 8. 44 | ,049082 | 27 
4 | 1. 24. 9 |,066683 [o. 21. 58 | ,060429 fo. 56. 8 504871426 
> Fr. 45. 3 „066630 10. 34. 9 060080 10. 42. 26 0483 54 25 
— — — —— — — — 
62. 5. 57,066 566 ro. 45. 47, 059725 o. 27. 38, 048001 | 24 
| 4 2. 26. 44 066489 10. 56. 49 0593630. 11. 45 4765623 
82. 47. 25 „066402 fl. 7. 15.058995 1.958747 84731 22 
93. 8. % ,o66302 1. 17. 4|,058621 || 9. 36. 44 | 046995 | 21 
10 | 3. 28. 27 | ,066192 ||11. 26 14 ,058243 9. 17. 37 | ,046679 | 20 
3 | 1 r 1 27 SE 
11 |:3. 48. 46 ,066070/||11. 34. 43 | 057860 || 8. 57. 25 | ,040374 | 19 
124. 8. 55 „065936 [fr. 42. 31| ,057472|| 8. 36. 11) ,046081 | 18 | 
134. 28. 54 |,065792 [. 49. 3 ,057080|| 8. 13..50 |,045800| 17 | 
| 14 | 4: 48. 42, 0656361. 55. 57 | ,056684 || 7- 50- 42045531 16 
15 | 5. 8. 19 | ,065469 lz. 1. 33| ,056285|| 7. 26. 29 |,045275| 15 | 
16 5. 7 43 „065292 [[r 2. 6. 22 50558847. 1. 21 | ,045033 | 14 
17 | 5. 46. 53 | ,064103 lz. 10. 23|,055479 || 6. 35. 19 | ,04480;5 | 13 
118 | 6. 5. 48 | ,064905 2. 13. 35 |,055073]| 6. 8. 26 |,044592 | 12 
' 19 | 6, 24. 27 ,064695 ||12. 15. 56|,054666|| 5. 40. 45 | ,044394 | II 
20 | 6. 42. 50 ,064476 lz. 17. 24|,054257 || 5- 12. 15 | ,044212 | IO 
21 ” 0. 56 | ,064246 ||12. 17. 59 ,0c3848 4. 43. 10| ,044046 9 
22 | 7. 18, 44 ,064006 2. 17. 40, 0534384. 13. 23 „043896 8 
| 23 | 7: 36. 12|,063757 ||12. 16. 25 ,053030 || 3- 43- 10437637 
247. 53. 20 | ,063498 2. 14. 13 |,052622 || 3- 12. 9 | ,043047 6 
| 25 | 8: 10. 6| ,063230 ||12. 11. 2|,052215 || 2. 40. 49|,043548| 5 
—— —: — | — ä — - — 
26 | 8. 26. 29 ,062952 ||12. 6. 52,05 1811 2. 9. 7 ,043467 | 4 
27 | 8. 42. 29 | ,062665 |[12. 1. 42|,051409 || 1- 37. 6,0434043 
28 | 8. 58. 5| ,062370 [f. 55. 31, 051010 || I. 4. 52043359 2 
29 | 9. 13. 15 ,062066 ||11. 48. 17 |,050615 || 0. 32. 28 | ,043332 | 1 
30 9. 27. 57 001754 ! 40. 0.05224 0. o. , o43323 © 
Sig v. XI. || Sig.IV. X.— Sig. III. IX.— 
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961. When EH becomes a tangent to the circle, the equation then becomes 

a maximum, and this is found by ſaying, EF: FF :: rad. ; fin. HEF; after 
that, as the point H approaches K the equation grows lefs, and the apogee, 
ſo far as it's motion ariſes from this equation, goes backward, and therefore 
when this velocity becomes equal to the mean progreflive velocity, they will 
deſtroy each other, and the apogee becomes ſtationary. This poſition of the 
apogee might be determined by making the fluxions of theſe two angular 
motions equal, but ſuch a method would be very troubleſome in practice, 
and it can be done very readily from inſpection in the Table, wh the method 
of trial and error. The mean motion of the ſun in a day is 539“. 8“, and the 
mean motion of the apogee in a day is 6. 41”; hence, in a day the ſun recedes 
52%. 27 from the mean apogee, conſidering the fun as moving with it's mean 
motion, which will be ſufficiently accurate for the purpoſe for which it is here 
wanted ; in the time therefore that the ſun recedes 1* from the apogee, the 
| apogee has moved . 43“. Now from 11. 28* to 1*. 295 of-argument; the mo- 
tion of the apogee (from the equation) has been retrograde ). 14”, and from 
1*. 29* to 2* the motion has been 8. 175 hence, the regreſſive motion muſt 
have been equal to the progreſſive motion ſomewhere between 1“. 29% and 2* 
of argument. By trial and error therefore it is readily found, that with the 
argument 1*. 29% 23 the motions become equal; and this will appear by 
computing it's motion for a very ſmall increaſe. of argument, and comparing it 
with the cotempomy mean motion. Now the Aaken to the argument 
1*. 299%. 23“ is 11. 42“; hence, 1“. 29%. 23 — 11“. 42 = 4/7. 4r the diſtance 
of the ſun from the true place of the apogee when it becomes ſtationary from 
the effect of it's greateſt equation, which muſt be very near the true diſtance, 
as the other equations which affect it's motion are very ſmall. In the paſſage. 
therefore of the ſun from about 477 47 before it comes to the apfide, to 47˙. 41 
beyond the apſide, the apogee is progreſſve ; ; and from 42%. 19“ before the 
ſun comes into quadratures, to 42% 19 Is quadratures, the apogee is 
regreſſive. | | 
962. In half a day, the ſun, moving with it's mean motion, recedes 20. 13% 5 
from the mean apogee, and with that argument (ths ſun being ſo far from 
the mean apogee) the equation is found to be 9“. 12”; hence, in one day whilſt 
the ſun paſſes through the apogee, it's progreſſive motion has been 180, 24” from 
the equation, to which add 6'. 41” the mean motion of the apogee in the ſame 
time, and we have 2g". 5” for the progreſive motion of the apogee in a day, 
whilſt the ſun paſſes through the apogee, The ſame is true when the ſun 
paſſes through the perigee, When the ſun's diſtance from the apogee is go?, 
the equation in half a day from thence is 14, 11”, therefore 1 in a day whilſt the 
fun La through nne the equation is. $0) 22”, giving that regreſſive 
ee WoL: e 
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motion to the apogee; hence, 28“. 22 — 6. 41"=21",41 "* the regreſſive mo- 


tion of the apogee in a day when the ſun paſſes it's quadratures. It appears 


then from theſe two Articles, that the progreſſive motion of the apogee in 


ſyzygies is greater than the regreſſive motion in quadratures; and that in a 


whole revolution of the fun in reſpect to the apogee, it is progreflive for a 
longer time than it is regreſſive. This is the meaning of what Sir I. NR.] r§ 


has delivered in Cor, 8, Pr. 66. Lib. 1. He ſays, Manifeſtum eſt quod apfides 
in ſyzygiis ſuis, per vim ablatitiam, progredientur velocius, inque quadraturis 
ſuis tardius recedent per vim addititiam. Ob diuturnitatem temporis, quo 
velocitas progreſſus vel tarditas regreſſus continuatur, fit hæc inequalitas longs 
maxima It muſt be acknowledged, however, that what he has here advanced 
is no immediate conſequence of any thing which he has before inveſtigated. 


963. Some of the principal equations of the moon's motion (349.... 354) 
were diſcovered by obſervation ; but Sir I. NEwToN having found that the 
moon was retained in it's orbit by a force, which, at different diſtances from 
the earth, varied inverſely as the ſquare of the diſtance f; and concluding from 
analogy that the ſame law of attraction might take place between all the bodies 


in the ſyſtem, applied this theory (called the Theory of Gravity) to compute 


the effect of the ſun's attraction upon the earth and moon, fo far as it miglit 
affect the relative fituation of the latter as ſeen from the former; and hence he 
diſcovered, beſides the irregularities before obſerved, other ſmaller inequalities 


of the moon's motion, which allo were found to _ with obſervations. From 
> WH; N theſe, 


\ 
\ 


'*' Sir I, NeEwToON, in the firſt edition of his Principia, page 462, has given the following 
Scholium. Hactenus de motibus lunæ quatenus excentricitas orbis non conſideratur. Similibus 
computationibus inveni, quod apogæum, ubi in conjunctione vel oppoſitione ſolis verſatur, progre- 
ditur fingulis diebus ,23' reſpectu fixarum; ubi verd in quadraturis eſt, regreditur ſingulis diebus 
163 circiter : quodque ipſius motus medius annuus fit quaſi 40% Per Tabulas Aftronomicas 3 
cr. FLAMSTED10 ad hypotheſin Hox ROI accommodatas, apogæum in ipſius ſyzygiis progre- 
ditur cum motu diurno 24. 28”, in quadraturis autem regreditur cum motu diurno 200. 12”, et 
motu medio annuo 40%. 41 Ener! in conſequentia. Quod differentia inter motum diurnum pro- 


greſſivum apogæi in ipſius ſyzygiis, et motum diurnum regreſſivum in ipſius quadraturis, per 


Tabulas fit 4. 16”, per computationem verò noſtram 637, vitio Tabularum tribuendum eſſe ſuſ- 
picamur. Sed neque computationem noſtram ſatis accuratam eſſe putamus. Nam rationem quan- 
dam ineundo prodiere apogæi motus diurnus progreſſivus in ipfius ſyzygiis, et motus diurnus 
regreſſivus in ipſins quadraturis, paulo majores. Computationes autem, ut nimis perplexas et 
approximationibus impeditas, neque ſatis accuratas, apponere non lubet. 

+ Sir I. NewTox found, that if the force with which bodies fall upon the earth's ſurface were 
extended to the moon, and to vary inverſely as the ſquare of the diſtance from the center of the 
earth, it would in one minute draw the moon through a ſpace which is equal to the verſed fine of 
the arc which the moon deſcribes in a minute. He concluded therefore that the moon was re- 
tained in it's orbit by the ſame force as that by which bodies are attracted upon the earth. 
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| theſe, and other applications of his theory, he was confirmed in his conjectures 
concerning the principle of univerſal gravitation; and the ſame principle having 


fince been further applied, and found to produce concluſions confermable to 
obſervation, his theory of gravity is now firmly eſtabliſhed. In the year 1747, 
M. CLAIRAUT, in a Memoir read before the Academy of Sciences at Paris, 
made an objection to this law, upon this ground, that it would not account 
for the motion of the moon's apogee, it giving, according to his calculations, 


that motion only one half of what it was found to be by obſervations ; and he 


concluded, that it was neceſſary to change this law, by adding ſomething to 
correct it. He however ſoon afterwards diſcovered his miſtake, and was the 
firſt who gave a complete theory of the moon, in which he ſhowed that Sir 
I. NzEwToN's law.of gravity would not only account for the motion of the 
moon's apogee, but- alſo for all the other irregularities of the moon. 
M. EULER has done great juſtice to M. CLairAavurT upon his ſolution of this 
important problem, in a letter to the Rey, Mr. Cas PAR WErsTEiN; in 
which he obſerves, that < this queſtion is of the laſt importance; and I muſt 
own, that, till now, I always believed, that this theory did not agree with the 
motion of the apogee of the moon. M. CLAIRAVUr was of the ſame opinion; 
but he has publickly retracted it, by declaring that the motion of the apogee 
is not contrary to the Newtonian theory. Upon this occaſion I have renewed 
my enquiries on this affair; and, after moſt tedious calculations, I have at length 
found to my ſatisfaction, that M. CLAIRAUr was in the right, and that this 
theory 1s entirely ſufficient to explain the motion of the apogee of the moon 
As this enquiry 1s of the greateſt difficulty, and as thoſe, who hitherto pre- 
tended to have proved this nice agreement of the theory with the truth, have 
been much deceived, it is to M. CLAIRAuUr that we are obliged for. this 


important diſcovery, which gives quite a new luſtre to the theory of the 


GREAT NEWrOoN; agd it is but now, that we can expect good Aſtronomical 


Tables of the moon.“ Sir J. ee in his Principia, Lib. I. Prop. 45. 
4 mx EM) of the moon to the 


Cor. 2 by aſſuming the mean force E 1 


earth in the direction of the radius ME, and conſidering that force as acting 
for a whole revolution of the moon, finds (855) the motion of the apſides to 


7 75 1 m EM = 


2 . 1 28 
EM Ep Mw gives the diſtance of che apſdes =180® x 4 _ 5. Hl 
: —2M 
180˙ x Vi+im=180%x Y, and conſequently the motion is 180* x à mz 
whereas (903) the true motion is 180˙ x 4 *. But in this he has neglected 


that part of the force 1 in a direction perpendicular to EMM, and which is found 
to 


be only one half of the real motion; for this force 
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to produce the other half of the motion; and Sir I, NRW ro, in this place, 
N intended only to ſhow what part of the motion the mean force in the direction of 
the radius would produce, In Lib. III. Pr, 3. he ſays, that the action of 
the ſun, ſo far as it draws the moon from the earth, is twice as great as he has 
aſſumed it above; by which he does not mean that he has aſſumed the mean 
force (—=4mx EM) of the ſun too little by one half, but that, as it would 
require twice ſuch a force of the ſun to give the true motion of the apfides, . 
the force which acts in a direction perpendicular to the radius EM, muſt, 
in it's effects upon this occaſion, be equivalent to the force — I mx EM 
in the direction of the radius. In the firſt edition of the Principia, in the 
Scholum to the Theory of the moon, he ſaid that he had found, by a very 
complex calculation, that the mean annual motion of the apogee was about 40 
and that the diurnal motion of the apogee, when in ſyzygies, was progreſſive 
about 23', and when it was in quadratures, it was regreſſive about 167”; 
this he omitted in his future editions, as he was not perfectly 84 
with his computations, Mr. Macaix, in his Laws of the Moon's Motion 
accbrding to Gravity, makes the mean annual motion of the apogee to be 2 
40%. 40'. 407”, upon a principle which he firſt ſuggeſted, and upon which we | 4 
have in this Work computed that motion, according to the method given by i i 
Fr1sr, M. WALMSLEY, in his Theory of the Motion of the Apfides, has, upon * 
the ſame principle, computed the mean motion of the moon's apogee, and his. 
concluſion agrees very well with obſervation; but his principles are altogether 
wrong ; for he has entirely omitted that part of the force which acts in a di- 
rection perpendicular to the radius, Which, as we have ſhown, produces juſt- 
one half of the motion; he alſo aſſumes the mean diſturbing force in the di- 
rection of the radius as acting conſtantly, inſtead of the real diſturbing force; 
and he has alſo wrongly computed the periodic time of the moon; it was by 
accident therefore that he obtained the mean motion; in reſpect to the 
true motion, his concluſions are erroneous. M. Macix has not given us 
his proceſs; we cannot therefore ſay how far it was juſt, In the Phil. Tranſ. — 
1751, Mr. P. Muxpock has given a method of computing the mean mo- 
tion of the moon's apogee, by firſt conſidering only that part of the diſturbing 
force, which acts in the direction of the radius; and then, inſtead of ſuppoſing 
the earth to be at reſt, by conceiving the earth and moon to revolve about 
their common center of gravity, he imputes about one half the motion to that 
cauſe, and thence deduces a concluſion agreeing nearly with obſervation. 
What we have already obſerved in Art, 861, is ſufficient to ſhow, that no part 
of the effect can ariſe from the latter circumſtance; and he has alſo (as we have 
already ſhown) omitted a cauſe which produces about one half of the motion; 
by two miſtakes he has theretore tallen upon a true concluſion, 
Vol. II. L 964. Now 


82 
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964. Now to bring into one point of view, the ſources of all the equations 
which we have here found, we may confider, firf, the equation of the center, 
which ariſes from the elliptic form of the orbit. Secondly, we may conſider that 
the diſturbing forces would change a circular orbit into that of an ellipſe, 
having the earth in the center, with the minor axis lying in ſyzygies, and there- 
fore the moon's orbit muſt ſuffer very nearly a ſimilar effect; the areas (849) 
are alſo accelerated and retarded ; and from theſe cauſes, the mean place differs 
from the true; thus there is produced an equation, called the Variation. But 
at different diſtances of the earth from the ſun, the diſturbing forces vary ; 
this equation therefore being firſt calculated for the mean diſtance of the earth 
from the ſun, will be ſubject to a variation, from the variation of that diſtInce ; 
and hence ariſe ſome new equations. Thirdly, the moon's orbit being dilated 
and contracted as the earth approaches to, or recedes from the fun, it's motion 
will accordingly be diminiſhed or increaſed, and hence ariſes an annual equa- 
tion, aſſigning the difference between the mean motion at the mean diſtance of 
the earth from the ſun, and the mean motion at any other diſtance of the ſun. 
Fourthly, the variation depending on the true diftance of the ſun from the 
moon, if the mean diſtance at firſt uſed be corrected by the firſt term of the 
equation of the center, and by the annual equation, new equations of the va- 
riation will ariſe. And if the ſecond term of the equation of the center be alſo 
taken, and applied, there will thence ariſe further equations of the variation. 
Alſo, if the diſtance of the moon from the ſun be further corrected by the 
evection, new equations will be introduced into the variation. Again, another 
correction of the variation may be introduced, by conſidering the difference 
between the diſturbing forces ariſing from the ſituation of the nodes of the 
lunar orbit. Thus, by correcting the moon's diſtance from the ſun, from what 
was firſt aſſumed, we get new equations of the variation. Fifilly, the orbit of 
the moon being inclined to the ecliptic, the diſturbing force in the orbit is dif- 
ferent from what it would be, if the orbit coincided with the ecliptic, and that 
difference of forces will produce another equation, depending on the ſituation 
of the nodes in refpe& to the ſun. Sixthly, the diſturbing forces cauſe a 
motion of the apogee 3 but that motion is not uniform, it being regreſſive 
when the ſun is in it's quadratures, and progreflive, when in ſyzygies, but upon 
the whole it is progreſſive; there ariſes therefore an equation of the motion of 


the apogee, which depends upon it's diftance from the ſun ; there is alſo a 
ſmaller annual equation, ariſing from the diſturbing forces being different at 


different times of the year. Seventhly, the excentricity of the orbit is ſubject 
to a change, and that change cauſes a change of the equation of the center, 
called the evection; hence ariſe new equations to be applied, depending on the 
ſituation of the apogee, the change of en depending on that circum- 

ſtance. 
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ON THE THEORY OF THE MOON. 


Nance. Eigllilly, the evection at the mean diſtance of the earth fon the ſun 


being found, the diſturbing force of the {un at different diſtances from the 


earth being different, equations of the evection will hence ariſe. Alſo, the 
diſturbing force varies as the ſituation of the nodes vary, and hence alſo ariſe 
new equations of the evection. Laſtly, if the diſtance of the moon from the 


ſun be corrected by the, annual equation, and the motion of the moon 


from the apogee be corrected by the ſame equation of the mean motion, and 
by the annual equation of the apogee, further equations of the evection are 
found. Thus, by correcting the firſt aſſumed values of the quantities repre- 
ſenting the ſeveral ſources of the equations, new equations ariſe, which may be 
conſidered as corrections of the original equations; and hence we derive the 
equations of the moon's mption, which applied to the mean place, will give 
the true place. Sir I, NewToN calls the equations Menſtrue, Semeſtres, 
Aunuæ, Sc. according to the periods in which they return. The mean motion 
of the nodes, and the mean inclination of the orbit, are alſo corrected by equa- 
tions found upon ſimilar principles, which applied to the mean place of the 
node, and mean inclination, give the true, The concluſions thus deduced will 
be found generally to agree very well with thoſe which are derived from a direct 


' ſolution ; the few caſes where they were not ſufficiently accurate for a ground 


of computation, we have pointed out, and corrected; but in whatever manner 


this ſubje& is treated, ſome corrections are applied from obſervations, in 


order to render the equations more perfect; not that the principle of attraction 
is inſufficient to furniſh concluſions which ſhall agree with obſervations, but 
that the method of deducing thoſe concluſions being only by approximation, 
ſmall errors are introduced, which are eaſier to be corrected by obſervation, 
than by continuing ſuch laborious calculations in order to a further correction *. 
MarzEz's Tables t, founded upon a very elegant theory which he corrected by 
obſervations, are the moſt correct and do not err more than half a minute in lon- 
gitude. The method however by which we have here treated the ſubject has this 
advantage, that it ſhows the cauſes of all the equations, and thereby gives a very 
clear and comprehenſive view of the whole buſineſs, Thus I have given the 

reader 


* Mayes in his Theoria Lune, page $0, makes this obſervation, Præterea in eadem hac 
formula plures termini occurrunt, quos theoria, licet ſummo ſtudio tractata, accurate præbere 
non poteſt, ob rationes nulli non cognitas, qui in hae re vires ſuas ac -patientiam exercuit. Hos 
igitur terminos malui ex obſervationibus definire, quam illorum gratia calculum tædioſiſſimum, à 
me jamdudum longe accuratius inſtitutum, quam a quoque hactenus factum, ulterius adhuc perſequi, 
doviſque ae "Why inſuperabilibus augere difficultatibus. Denique etiam eos terminos, quos the- 
oria ſatis manifeſte oftendit, per obſervationes ita correxi, ut paucis ſecundis adjectis vel demtis 
cum cœlo magis conſentirent. 


+ As carreced by Dr. MA$SKELYNE, | Lee the Preface to the Nautical Almanac, 1797, Ve. 
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ON THE THEORY or THE MOON. 


reader all the ſatisfaction I am able upon this difficult ſubject, without entering 
into a direct ſolution of the problem, which requires the integration of a flux- | 
10nal equation of the ſecond order, and this can be done only by an approxi- 
mation of a very intricate nature, and of great labour; to explain the whole 
of which ſo fully as to render it intelligible to the generality of readers, would 
of itſelf require a conſiderable volume; by fo treating the ſubject, however, 
we obtain the following very important conclufion, which was firſt obſerved by 
Mr. S1tMP$ON : That as no terms enter into the equation of the orbit, but what 
conſiſt of the coſine of an arc, or of it's multiples, all the terms, by a regular 
increaſe and decreaſe, do after a certain time return again to their former values, 
and therefore the mean motion of the' moon, and the greateſt rr of the 
ſeveral nn undergo no change from e 
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CH A..F. , NXVL. 
ON THE FIGURE OF THE EARTH, 


* 


Art. 965. | bt a fluid body had no motion about it's axis, and all it's parts 

4 were at reſt and kept together by the mutual attraction of it's 
conſtituent” particles, the body would form itſelf into a ſphere; for the preſſures 
of all the columns upon the central particle could not be equal, unleſs they were 
all of the ſame length. Now Sir I. NewToN having proved that the bodies 
in our ſyſtem attract each other with forces varying inverſely as the (quares of 
their diſtances, concluded it to be an univerſal principle for every particle of 
matter, and that the parts of each body were kept together by the ſame power 
(838). On this ſuppoſition therefore, if the earth were a fluid body, and per- 
fectly at reſt, it's form muſt be that of a ſphere. But as the earth revolves 
about an axis, each particle, beſides it's gravity, will be urged by a centrifugal 
force, by which the particles will all have a tendency to recede from the axis ; 
and hence, M. Hvycens and Sir I. NEwToN concluded that the earth muft 
put on a {pheroidical form, whoſe polar diameter is the ſhorteſt... For let POp 
be the axis, E the equator, draw am perpendicular to Pp, and let Im repreſent 


the centrifugal force of the point &, and reſolve it into two, one h in the di- 


rection of the tangent, and the other mn perpendicular to it. Then the force 
bn draws the fluid from p towards E, and conſequently it will diminiſh the 
radius pO and increaſe the radius EO. We ſhall therefore firſt conſider, what 
will be the form of the curve PEp, and then determine the ratio of pO ro EO, 
according to the principles of M. CLAIRAUr, in his Treatiſe, entitled, 
Theorie de la Figure de la Terre, who has followed Mac Lavin in his in- 
veſtigation of the attraction of a corpulcle upon the ſurface of a ſpheroid, in 
directions parallel to each axis. 

966. Let Pp, Qa be two concentric circles, O the center, draw PO 
and M, ar, perpendicular to it, and join Mr, and make the angles a 95, 
4 Nc, Ms, rMw equal, then Ar = MS Mw. For from the conſtruction, 
Mr is parallel to Qa, and hence Mr = 9a; draw rt perpendicular to Ms, and 
take rv=rs. Then as the angle Mi a4 Ab, ri M= ab and Mr = Qa, we 
have Mt=96. Now as the angle sMr= 20 Mr, the chord rw = chord 
rs rv; therefore the triangles Mrv, Mr ao are ſimilar and equal, hence, 


Mw Mu; conſequently Mw+Ms= Mv + Ms =2 Mi =29b=9b+ 2c. 
| 967. Now 
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ON THE FIGURE OF THE EARTH, 


a plane paſſing through Mm, and the two circles will be projected into fimilar 
ellipſes, and the lines Q, Ac, Ms, Mio being all diminiſhed in the ſame ratio, 
we ſhall have in the eliipſes, 24+ c= Ms + Mw. When by increaſing the 
angle r Mw it becomes greater than the angle Mx of the ſegment, Aw will 
lie on the other fide of M,. or w falls in the are MPm, in which caſe, Ms — 


Te. . 


968. The attraction of a corpuſcle at 4 towards any pyramid Avwzy, the 


area vw2zx of whoſe baſe is indefinitely ſmall, varies as the length, the angle 4 
being given, and the attraction to each particle varying inverſely as the ſquare 


of the diſtance. For put a=the area zxvw, m= Az, = Aa, and let ab be a 
ſection Parallel and therefore ſimilar to zv; then, #7 ea 21 4 2 S the ſection 


" FRA 


8 


tion of Aab, „ Whoſe fluent 1s = „the attraction of any length », which 


therefore varies as x. Hence, the attractions of corpuſcles at the vertices of 
ſimilar pyramids are in AK to their lengths. If x =, we get the at- 


IA 


969. Hence, if two DH be ſimilarly ſituated in reſpect to two ſimilar 
ſolids, the attractions to the ſolids will be as their lengths. For if the two 
ſolids be divided into ſimilar pyramids, having the corpuſcles in the vertices, 
the attractions to all the correſponding pyramids will be as their lengths, or 
as the lengths of the ſolids ; for the pyramids being fimilarly ſituated in the two 
ſimilar folids, their lengths muſt be in proportion to the lengths of the ſolids, 


and therefore the whole attractions will be in proportion to the lengths of the 


ſolids ; or in proportion to any two lines ſimilarly ſituated in them. 

970. Let F16. 217. be the projection deſcribed in Art. 967. and make the 
angles 5 Av, Ag, 5Mx, wMz indefinitely ſmall and equal, and conceive the 
whole figure to revolve about Mm through an indefinitely ſmall angle, then 
the pyramids generated by A, cg. sMx, wMz being ſimilar, the attrac- 
tions of the corpuſcles at 2 and M towards them will (968) be as their lengths. 


But T= Ms + Mw, or Ms Mio when w falls on the other ſide of M; 


hence, the attraction of & to the pyramids generated by þ2v, cg is equal 
to the attraction of M towards the pyramids generated by A, wMz, the 
attraction to wMz being reckoned negative when 20 lies on the other ſide of 
M Hence, if each attraction be divided into two, one perpendicular to Mm, 
as In, cq, sr, wy, and the other parallel to Mm, then from ſimilar triangles, 

bn 


967. Now let us ſuppoſe this figure to'be orthographically projected upon 


, conſequently the fluxion of the ame. 
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ON THE FIGURE OF THE EARTH, 


bu+cq=z3r He, conſequently / the attractions of the corpuſcles at & and 


M in a direction perpendicular to Mm are equal. And as this reaſoning holds 
for every ſuch correſponding poſitions of pyramids about & and AM, it follows 


that the attraction of the corpuſcles at and M to the whole ſolids generated 
by Qead, Pup? about Mm through an 3 ſmall angle, in directions 
perpendicular to Mm, will be equal. 


971. Now let Qead, Pupt be two ſimilar ſpheroids, and conceive the line | 
Pþ to paſs through t the center, and Mm to be perpendicular to it. Then every 


plane which paſſes through Mm, cutting the two ſpheroids, will be ſimilar 
ellipſes ; hence, by the laſt Article, if we conceive any two of theſe planes to 
be inclined to each other at an indefinitely ſmall angle, the attraction of the 
corpuſcles at & and M in a direction which is perpendicular to Mm, 


towards the ſolids between theſe planes in the two reſpective ſpheroids, will 


be equal. Hence, by the reſolution of forces, the whole at traction of a cor- 


puſcle at & in the direction 20 towards the ſpheroid Qead is equal to the” 


attraction of a corpuſcle at M in a direction parallel to QM towards the ſphe- 


roid Pupt. In like manner it appears, that if Tef be drawn parallel to the 
axis Pp, the attraction of a corpuſcle at e in the direction eO towards the 
ſpheroid ead9 is equal to the attraction of a corpuſcle at T in a direction 


parallel to eO towards the ſpheroid 4 P. 
972. The attraction of a corpuſcle at P towards the ſpheroid Pupt is to the 


attraction of a corpulcle at 2 towards the ſpheroid Read :: PO : O. For 
conceive two ſimilar pyramids, whoſe baſes are indefinitely {mall, to be ſimilarly 


ſituated in the two {pheroids, having their vertices in P and 9 ; then (968) the 


attractions of the corpuſcles at P and & will be as their lengths, or as PO to 


O from their fimilar fituations. Hence, if we reſolve the attraction of each 
into the direction PO, QO, the attractions in this direction will ſtill be 
as PO to Q, from the pyramids being equally inclined to PO and 20. 
Therefore by dividing the whole of each ſpheroid into ſimilar pyramids, it 


follows that the attraction of the corpuſcles at P and Qt to the centers of their 


reſpective ſpheroids will be as PO: QO. 


973. Let PEþpU be an ellipſe, Pp the minor and EU the major axis, draw MG 
perpendicular to the curve, MT a tangent to it, and MA, MR perpendicular to 


OP and OE. Now T: M:: M: 26 JS and by the property of the 


EE 
ellipſe, OT ; QP :: OP : OS= 57 hence, 2G : ON 2 11 1275 2: 
OT 


IT OP*; but from the ſecond proportion, OT : OA:: OP* : O, 


hence, OT : T2 :: OP*; OP- O OPT OA OP- GS =p2 x PA:: 
OE 


9 M* 
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ON THE FIGURE OF THE EARTH. 


: 9M), therefore OEM S. hence, 9G : 02 :: OE: OP 


conſequently 9 G= 55 : x OQ. 

974. A fluid body will preſerve it's figure, if the direction of it's gravity 
at every point be perpendicular to it's ſurface ; for then gravity cannot put it's 
ſurface in motion. 

975. If the particles of an bomogeneous quid body attract each other with 
forces varying inverſely as the ſquares of their diſtances, and it revolve about 
an axis, it will put on the form of a ſpheroid. For if PEpU be a fluid, Pp 
it's axis about which it revolves, then may the ſpheroid revolve in ſuch a time, 
that the centrifugal force of any particle M combined with it's attraction to 
the ſpheroid may make this whole force a& perpendicular to the ſurface. For 


let E=the attraction at the equator E, PS that at the pole P, F=the cen- 


trifugal force at the equator, Now (971) the attraction of A in the direction 
MR=the attraction of & to a ſpheroid ſimilar to PUpE whoſe ſemi-axis is 
9O, and (972) the attractions at P and Q-upon theſe fimilar ſpheroids are as 


90: po; hence, the attraction of M in the direction MR is P x 805 take 
Mr = this quantity. For the ſame reaſon, the attraction of M in the direction 
Mis Ex == 25 But the centrifugal forces of bodies revolving in equal times 


being as their radii a, We have OE ; 9M, or OR, :: F: Fx on the centri- 
OR the whole force of M in the direction 


M 9; take Mg this quantity. Complete this parallelogram Mr gg, and 
Me will be the direction of the whole force acting on the particle at M. 


Produce Mq to G. It remains therefore only to be proved, that OE, OP may 
have ſuch a ratio to each other, that MG ſhall be every where perpendicular 


to the curve. Now by ſimilar triangles, g, or Mr, : Mg :: : 2M, that 


Po © 85 O O 2M, or P: E-F::OE: OP, in 


which there is no line concerned but the two axes ; ; therefore to a ſpheroid 
having two axes in ſuch a ratio, the whole attractive force will at every point 


be perpendicular to it's ſurface; hence (974), the fluid will be at reſt. And 


F Bras d 
7 2 | 
s For (827) the centrifugal force varies as 58, and in this caſe Qs varies as S; hence, 


the centrifugal force varies as 9x, or as the radius, 


— — 


/ \ . 
ON THE FIGURE or THE EARTH, 


F may always have. ſuch a value as will ſatisfy this proportion, by adjuſting 
the time of revolution. Or having given F together with 2 and E, the ſphe- 
roid whoſe: axes are as P : E — F muſt be that into which the fluid will form 
itſelf. | | 

999+ The nen at any point M in the direction MR is as P X 4 


* 


P x* . let therefore P (the attraction at Þ) be Need bi PO, and 


MR will repreſent the attraction at M in the direction MR, conſequently Mo 
will repreſent the whole attraction acting in the direction perpendicular to the 
ſurface. Draw vc perpendicular to MO; then MO: Ma :: Mo: Mc :: 


the attraction in the TOR * . the attraction in the direction 


| Ma x Mv 
MO= —775 which varics as Fo becauſe Ma x Mv is conſtant, by the 


| property of the ellipſe. 


977- To determine the attraction of a corpuſcle at P the pole of a ſpheroid, 
to the ſpheroid. Draw Pm, PM, indefinitely near each other, and M9, 
Mr, perpendicular to. Pp, Pm, .and conceive the plane PEp to revolve 
about Pp through an indefinitely ſmall angle whoſe arc is equal a, radius 
being unity; put PO=1, OE=m, P9= 2, QM u, the coſine of MP =, 
and Vn In. Now ua=the indefinitely ſmall arc deſcribed by M about 


Pp, conſequently uax Mr=the baſe of the pyramid generated by PMr ; 


hence (968), the attraction of P to this pyramid = b but conſidering 


the angle MPm as the increment of MPQ, and Mr tl the increment of the 


arc to the radius PM, we have Mr : 5: 1 123; hence, the attrac- 
yy utss 1 8 5 
tion of Ae pron in the direction PO= — = But i =2:2*2 = . 28, 
. | 


28 | EY * | us _ En 1; 
all s = — radius being unit bebe * 2 2 
( ty) = Boo; ZZ TE 5 3 2 2 oy 2 0 


PM 


114 1= = * from the fiſt equation, from which 11 = 2. EF — —; 
1111 


; 3 3 2 amg am 
hence, us 1 of he pyramid in the direction pO= r 2 7 
: 2s 5 f ogg 48 3 14 i 6 = . p | . | 1 A | . - a | 


us 2am? ig ' . . 
2 1 55 , | whoſe fluent | Is r Where 2 is a circular arc whoſe 
. 2 ; 4 . a N , e x | f ] : | | 


[ F * a I 


+ 


6% — 
radius =1, tangent = ; hence, when Sl, we have XZ for the 


attraction of P towards the ſolid generated by the revolution of PEp through 
——_— . M | an 


— 
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But by the propert of the ellipſe, Wm 2m 257; alſo 3 
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an indefinitely ſmall angle, where Z is the arc whoſe tangent is #. Hence, 
as this is the attraction for every indefinitely {mall ſolid thus cut, if we put 


S the circumference of a circle whoſe radius is unity, and ſubſtitute c inſtead 
2 


* x — E for the attraction to the whole ſpheroid. 


of a, we ſhall get P 


But z=#n—z i +5 n . Put alſo m=1 +4, then * =m* — 1 er beds 


hence, by ſubſtitution, P=— x 1+ *4 3 , # = a* &c. 5 55. we 


get <= c for che attraction to a ſphere whoſe radius =. 


978. To find the attraction of a corpulcle at the equator. E of a ſpheroid 
EPDp. Draw EK parallel to Pp, and ſuppoſe a ſphere EH to be inſcribed in 
the ſpheroid, whoſe radius is equal to unity. Now if we conceive any plane to 
paſs through EK cutting the ſpheroid and ſphere, the ſection of the ſpheroid will 
be ſimilar to EPDp, and the ſection of the ſphere a circle; hence, if we find 
the at traction to the two ſolids between any two planes paſſing through EK 
and forming an indefinitely ſmall angle e with, each other, we ſhall get the ratio 
of the attractions to the two whole folids. Draw EN, Ez indefinitely near, 
and NL perpendicular to En, and NK to EK, Put EO n, OP=1, 
m—1=#, EK=u, NK=2, the arc of the angle e to radius unity , and 
the fine of NEO= =$; then az=the arc deſcribed by N; hence, the baſe of the 


pyramid deſcribed by ENL = Sag x LN, and (968) the attraction of the py- 


5 azx LN 5 2 LIN | 
ramid = = EN and the attraction in the qirection EO = A 


i- az; be conſidering N L as a circular arc A radius is EN, 
and the angle NEL as the increment of NEO, LN: $:: EN: AVI. 


, make 


ops; 
the two values of 1“ from theſe two equations equal to het other, and thence 


ns A 


we get 2 N - hence the attraction = — XS 
S r , 1+ 7", 3k 
m 5 „ m ms ö 
T* whole fluent is 24x * 2— —;, where 2 is a circular 
ms m 
arc whoſe radius 1, tangent ; and when” $=1, We get 24x — 3 
1 1 


for the whole attraction to the part cut off from the ſpheroid. 1f we make 


m=1, and conſequently 2 o, we have 2a5—245*s for the attraction to the 
pyramid of the ſphere generated by Ev, whoſe fluent, when 5='1, is 4. for 


the attraction to the correſponding part of the ſphere cut off by the two planes. 
Hence, 


_ * 
— 
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: n mM 
Hence, the ratio of theſe attractions is as 1 NA oY But (947) 


2 3 m 
the attraction to a ſphere whoſe radius = 1, is 3 c; hence, E=c X 2 = 


is the attraction to the ſpheroid at E. Put m=1+4, then 1 INE 


4 =» - 3 1 F1 * 1 1 + &c. hence, by ſubſtitution, E = 7 * 
15 44 5 d*-&c, Now (97 5) when the fluid is 1n equilibrio, 

. 35 105 T0 | 
P:B-F : 1+4 : 1; hence, F=E— 12 ſubſtitute for E and P their 


— 


| 2 
values, and we get F=- cx f 7 DB 37 d* &c. 


| 979. Let v expreſs the centrifugal force of a body at the equator compared 
with it's weight, then v= AY the weight being unity; ſubſtitute for E and 


| 8 0 . 
F their values, and 5 d — 17 Fr + 722 d' &c. hence, by reverting the IN 
5 & m1 TIS hd 1 5 Bo 
ſeries, 4 N 5275 v3 &c. conſequently 144214 . 


= Frye v &c. is the equatorial radius, the polar radius being unity. 
272 


3 


980. To determine from hence the actual ratio of the diameters of the 
earth. By Art. 965. n is that part of the centrifuge force bm which acts i in Fre. 


[ 1 IX RR 7 : 
oppoſition to gravity; now Ob +: ba 12 bus : m = =} om but 3 (975) 214. 


varies as ha, and O04 is conſtant, therefore mx varics as 25 the ſquare of the 
coſine of latitude. Now according to Sir I. NEwrox, if the earth be a 
ſphere, it's radius is 196 15800 Paris feet. In the latitude of Paris, a body falls 
8 2174, lines the firſt ſecond. The verſed fine af the arc deſcribed by the equator 
f 9 5 is 7 54064 lines, which theret, ore repreſents the centrifugal force at the 
= | equator. Hence, the orce 0 gravity at Paris : rte force at the equator 


} . 2 21/7. 54064. But rad. : col. lat. Paris % 54964 : 3,267 that part 
{oy of the centrifugal force at Paris which is oppoſite to gravity ; hence, $174 * 
i 3,267 =2177,267 is the force of gravity at Paris; therefore the force of gravity 
1 * at Paris: 'centrifiigat force at the equator : 289 1; and this ratio ny. be 


taken fot the gravity at the equator to the centrifugal force. Hence, * UV =—— 288 


M 2 | | conſequently 


1 
1 
1 
3 
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conſequenitly 42 * . Eb neglecting all the terms after the firſt on ac- 
1152 230,4 


„ =—_ 


: « F — a - . . I 
count of their fnallneſs;:! Hence, the ratio of the diameters is as 1: 1+ 5 5 
0 3 


1: 230, 4 23, or as 230: 231 without any ſenſible difference. Sit J. 
NewrTow makes it 229 : 2 30, from which ratio the er, does not ſenſibly 
differ. 5 
981. If the whole denſity of the body ſhould vary, then the gravity E at 
the equator will 2 as the denſity, but the centrifugal force F will not be 


altered; now v = r= 5 nearly; hence, v yaries inverſely as the denſity 


nearly, conſequently d will vary nearly! in the inyerſe ratio of the denſity ; that 
is, by increafing the whole denſity, the body approaches nearer to a ſphere. 


982. To find the ratio of the diameters of Jupiter. Loet ;=the time of 1 it's 
rotation, T=the time of revolution of one of it's ſatellites, k=the diſtance of 
that fatellite from the center of Jupiter, the radius of Jupiter (here ſuppoſed 


a ſphere) being 1. IT ben ( 977).28 * - expreſſes the attraction at the {prſnce 


of Jupiter, 8 .- the attraction of the ſatellite; Now the. centrifugal forces 


being as the radii directly and ſquares of the periodic times inverſely S, 


and the centrifugal force of the! ſatellite being rh to'it's centripetal fore 
(Barons, in n cirele being always equal), we have, . 5 : 7 41 75 : F= _ - 
* * 4 6 838 in! E 2.) —10 * 2% 3 \ 2 | 3 * 
Henc: (978), 88. 4 — 5 &c. = F748 and by & the reverſion of 
— . 1 —9 - Yo! 498 D 4140 


feries,/d =: 8 — 6274 20% ＋ bay a dec. conſequently 1 + 4=1, 4 We gn 7, 205 


6175 211. 510557 We It - 71 12 1 


4.450 * Ke. Now acconing 7 Caghuxr, the time of the- de, of 


mpfer! is 5960 and the diftarice of the fourth lellie, dccording to Mr. Poux, 
is 26,63 =, and the mean time of 1 's revolution 24032 2 2 Hence, the 


ratio of the diameters becomes LOB . 99, 52 By cel, Mr. Povxs 
T7 eilt (0242: $904, 35! 013 *% 2687 30 -; 1 f 
| e ie 


Z 3 ©." 4 "4 6 j' ELI * , ien 11 fax — f r y "*7; x * — 4 + 1 
2 1 — . 12 4 LY 4 + #3 5 A , — - — : 10 © 3 - 4 z is 3 OY ff &%.' A a+. 2 - el 


- 


v3 ie 1% - oo | Zh ol 2 1:3. 447 eee 1 
The For by Art. 8 92 5. the + centrifugal "EP varies. as Wo Let P S the periodic time in the 


3 %s 
* (/ 2 


circle Vp v = the velocity. i in the | omen, th * varies as 8 becauſe the £ time 1s s giyen 3 but 


a circum. „ 8 : A 
| 5 2aries , Or as =, therefore F. varies as as 5. which attic a7 43 , or as the 
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found. thi ratio of the diameters to be 12 4 133 and Dr. Bu Ap as 125 7 


13,5. 
983. 

: 

term only for the value of d, it appears that that difference, or 7, varies as Fog 


Hh, the difference of the mess being | 1 w, taking the firſt 


or dire&tly as the ſquare of the velocity of the planet about it's axis. Hence, 
and by Art. 981. if the denſity and time of rotation ſhould. vary, the difference 


of the diameters will vary as the ſquare of the velocity directly and denſity 


inverſely. 
984. Sir I. NEwTon determines the ratio of the diameters of the earth in 


the following manner *. He aſſumes the figure to be a ſpheroid, and finds 
the centrifugal force at the equator : gravity :: 1 : 289 as in Art. 980. He 
then aſſumes the ratio of the diameters to be as 100: 1o1, and finds the gra- 
vity at the pole: gravity at the equator :: 501: 500. Now if we conceive 
two canals to be cut from the pole and equator down to the center of the 
earth, and filled with a fluid, they muſt balance each other. But the force of 


_ gravity at different parts of the ſame canal varies directly as the diſtance 


from the center, and the centrifugal force of every point of the equatorial 
canal 


* Sir I, Nova in his Principia, Lib. 1. Pr. 91. Cor. 3. proves, that if a corpuſcle P be 


placed within a ſpheroid, it is attracted to the center O by a force proportional to PO. For 


conceive the ſpheroid Pp2 to be ſimilar to the given ſpheroid MTR, and draw the radii 
OpzY, OPM; and draw mpww, npst, making an indefinitely ſmall angle m; then 


_ conſidering mn, ptv as ſimilar pyramids, the attraftion of to them (968) will be as their 


lengths; but by the property of the ellipſes, ww = pm; therefore the attraction of þ to 
the part weft e = the attraction to pmn; hence, p is attracted only by the pyramid ws. 
Thus it appears; that the attraction of 'p is only to the ſpheroid P 2; hence, the attraction 
(969) at : the attraction at V:: pO: YO, But this is not true for corpuſcles in different 
radii, For P29 is a ſpheroid ſimilar to MIR; and (as above proved) the corpuſcles P, , 
will not be diſtuzbed by the attraction of the matter exterior to P, conſequently (976) 
the attraction of þ to O: the attraction of P to O:: PO: 20; but (969) conſidering rx ſimilar 
to PD , the attraction of a corpuſcle.P : the attraction of a corpuſcle :: PO: rO ; therefore 
the attraction of þ to O: the attraction of 7 to O:: PO: pOxrO: Ox POE: oO 
| 20- a 1 * bs 
F7 1," X on- 
laſt proportion muſt be applied, and not that of Sir I. Newton. From hence it alſo appears, 
that if YO, MO be two canals meeting at O and filled with a fluid, they will balance; for the 


fluxions of their preſſures will be as the forces of attraction multiplied into the fluxions of their 
R 


Therefore for corpuſeles ſituated in different radii, this 


V 0? 1 los - 
lengths, or as „O rOX Ox To” whoſe fluents are as PO: rO * 57757» and when 


Op and Or become OY and OM, we get the whole preſſures as 1: 1, or they balance each other. 
It is from aſſuming this principle, that Sir I. Næ wrox proves the ratio of the diameters of the 
earth, and that the attraction on the ſurface varies inverſely as the radius. e alſo, any 


ſimilar parts Op, OP will balance each other. 


9 
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canal varying (975) in the ſame ratio, therefore the whole force to the center 
varies as the diſtance from the center; and if we take any two indefinitely 
ſmall parts of each canal, ſimilarly ſituated, their weights muſt be as the weights 
of the whole; and as the weights are as the magnitudes and gravities, they 
will be as 101 x 500 : 100 x 501, or as 505 : 501. Hence, that there may be 


an equilibrium, the centrifugal force muſt take off 32 from the equatorial 
canal, and then the weights of each will be equal, and they will balance. But 
the centrifugal force of the earth at the equator takes off 8 part of gravity ; 


hence (266), — : — : — the exceſs of the equatorial above the 


— 280 100 229 


polar radius; therefore the ratio of the radu is 1: 1+ = or 229 : 230. 


- * 085. To find the ratio of the diameters of any other body, Sir Is AAc pro- i 
ceeds thus. If the body be greater or leſs than the earth, the denſity and time = 
of rotation being the ſame, the ratio of the centrifugal force to gravity, and - = 
therefore the ratio of the diameters, will remain the ſame. But if the time of 
rotation and the denſity vary, the difference of the diameters will (963) vary 
-very nearly in a duplicate ratio of the velocity directly and the denſity inverſely. 

Now the earth revolves in 234. 56', and Jupiter in 9h. 56', the ſquares of theſe 
are as 29 : 5 very nearly, and denſities (as will afterwards appear) are as 400 : 
94, 5; hence, the difference of the diameters of Jupiter: it's leaſt diameter :: 


29 400 I | 
— Xx — Xx — : I, or as 1: very nearly; hence, the e uatorial: the 
5 94,5 229 12 9; 11 1 


polar diameter of Jupiter :: 105 


93, agreeing very nearly with Art. 982. 


r 2 — 
— — 


a” 


986. The ratio of the diameters of the earth and planets here determined 
from the principle of attraction, ſuppoſes the earth to be of an uniform denſity; 
but as it appears that this does not give accurately the ratio of the diameters 

of Jupiter, it will be proper to examine, how this determination agrees with 
the figure of the earth deduced from an actual menſuration. The method of 
performing this operation, I ſhall explain from the meaſurement of a degree 
of the meridian at the polar circle in Lapland *, by CLaizavr, Camus, 
Le MONNIER, MAUPERTUS, the Abbe OUTHIER, and M. CELsus of 

pla. 


— CE = ec: 
5 = - - CES: L — 
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From the meaſurement of the degrees of the meridian in France, the longeſt degree W 
to be that which lay moſt to the ſouth, from which Cass ix concluded that the earth was an 
oblong ſpheroid, or the polar diameter the greateſt. To ſettle therefore the figure of the earth, 
the meaſurement of a degree of the meridian at Lapland was undertaken. 
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Upſal. They ſet out together from Stockholm, and went to Tornea ; from 


proper ſtations. F16. 222. repreſents the triangles, upon which the calcula- 


1, Niwa; K, Kakama; C, Cuitaperi; A, Avaſaxa; P, Pullingi ; 
N, Niemi; and H, Horrilakero. 
meaſured the angles, which they found to be as follows. 


thence they departed on July 6, 1736, to ſurvey the country, and Ar the 


tions of the degree of the meridian were founded. T repreſents Tornea; a 


9, Kittis; 
Theſe are the ſtations from which they 


CTK= 2. 22“. 545 | HAP=..53" 455:$6*%,7 
KTn= 19. 38. 17, 8 | HAC =112, 21. 48, 6 
72 K 2 87. 44. 19, 4 4H = 31. 19. 55,5 
Hu K = 73. 58. 5,7 . £2. 1,1 
An t. 3. 4.6 NPS= 537. 32. 24,3 
HaG = z. $7. 4, 6 NP 40. 14. 52, 7 
TKs =. 73. . 27, 8 1. 5%. 44 3 
CKs . 50. 44; 2 PNH= 93. 25. 7, 5 
HKn= 89. 36. 2, 4 HNEA = 27. 11, 63,3: 
HEN = 9. 41. 47, 7 GHA= 36. 42. 3, 1 
KCn 28. 14. 54.7 || GHx = 19. 38, 21 

KCT 37. 9. 12 HK = 16. 26. 6, 3 
KCH 100. 9. 36, 9 -AOHP =: 94. 33. 49, 7 
HCA 30. 56. 53, 4 | PHN = 49. 13. 9, 3 


T heſe are the angles as meaſured with a quadrant of two feet radius, fur-- 


niſhed with a micrometer, and reduced to the horizon. 


987. Let 2M be a meridian line, and from the ſeveral ſtations draw the 
dotted lines perpendicular to it; and M 1s the difference of the latitudes of 
Tornea and Kittis, which we want to determine in meaſure of toiſes. For this 
| purpoſe, it was neceſſary to meaſure ſome baſe line, and connect it with the 
above triangles. A line Bb lying on the ice was therefore accurately meaſured, 
and found from the mean of the two meaſurements, which differed only four 
inches, to be 7406, 86 toiſes. And the following angles were found by men- 


ſuration. 
39 „ © 
AbB = 77. 31. 50 
AGB = 54. 40. 28 
BAG = 22. 37. 20 


988. Now 
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98 
$29 thay be computed ; hence, in the triangle ABb, we find BA=1242,76; 


therefore in the triangle ABC, we find AC=8659,94 toiſes. By proceeding 
thus with the triangles 4 CH, CHR, CKT, AHP, HNP, N PQ, we find 
AP=14 77.43. PQ = 10676,9, CT=24302,64 toiſes. _ 

989. To determine the poſition of theſe triangles in reſpect to the ricridinn 
QM, the paſſages of the fun at Q. through a vertical circle to P and N was 
obſerved for many days, which gave the angle PQM=28*. 51'. 52“, and 


N= Ii“ 22 F. Hence, . F =61*. 8. 8”, APE = 84*. 33'. 54", 
ACF=81*. 33. 26, CTG=69%. 49. 8”; therefore by the reſolution of the 


right angled triangles PD, AEP, AFC, CGT, we get 


PD 9350, 45 toiſes. 

AE 14213, 24 
- F 8566,08 
"x SG = 22010, 62 


2 — 54940,39 | 


* 


Which is 1 the arc of the meridian paſſing re Kittis, and terminated by a 
r from Tornea. | kr . 


9 990. T he ſame may be computed from the triangles ACH, CMR, CKT, 
HN, HNP, NP, by the reſolution of which, we find M 213564, 64, 


VK 25053, 2 5, KT 1669 5,84 toiſes; alſo QM = 11. 22“ 545, KNL = 
86*. 7. 12“, KTg=85*%..48. 7“; hence, by the predglution of the right angled 


en os KNL, Kgt, we 1388 


Na - rat toiſes. 
KL 24993, 83 
Kg 166861, 05 


QM= 54944, 76 


/ 


The mean of theſe two values of M gives bo = 54942,57 toiſes. 


\ 


991. If we take the obſervations from u, we may compute the value of 2M, 


from a great variety of triangles. ACORN ten other values of 2M were 
computed, 


; , Now i in any triangle, the angles and one fide being known, the other 


- 
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computed, the mean of which gave M= 54922, 1. The obfervers however 
(for reaſons not aſſigned in their account of the menſuration) preferred the 
determinations of 2M from the mean of the two firſt values of it. 

992. The next thing to be determined was to find the degrees in the arc 
OM. This was done by obſerving the difference of the zenith diſtances of the 
ſame ſtar at Kittis and Tornea. The inſtrument they uſed for this purpoſe was 
made by. Mr. GRAHANM; and the diviſions being verified by a micrometer 
adapted to it, the error never amounted to above 2” or 3”. 

993. The ſtar A Draconis was obſerved at Kittis and Tornea, and the difference 
of the zenith diſtances, after applying the proper corrections, was found to be 
57. 26%9. By « Draconis, it was found to be 57%. 30”,4; the mean of theſe : 
is 57. 28”,7; but this is not the arc M, becauſe the point at Kittis where | 
the obſervation was made, was 3 toiſes 4 feet 8 inches more north than the 
point Q, and the point at Tornea where the obſervation was made, was 
73 toiles 4 feet 5 inches more ſouth than the point 7; there muſt alſo be 
added 3,38 toiſes, becauſe the points T and Q are not in the ſame meridian ; 
the ſum of theſe is 80,9; this added to 54942,57 gives 55023,47 the length of 
an arc of 57'. 28,65; hence, 57'. 28”,65 : 1* :: 55023,47 : 57438 the length 
of a degree of the meridian at the place of meaſurement. But we muſt ſubtract 
16 toiſes from this, on account of refraction, which MavrtRTvis neglected; 
hence, the length of the degree becomes 57422 toiſes, The latitude of the 
middle of QM was 66. 20“. And by comparing the length of this degree 
with the length 57183 toiſes of a degree meaſured by M. Pie ARD between 
Paris and Amiens, the latitude of the middle of which was 49'. 22', the earth 
was found (995) to be an oblate ſpheroid, and the ratio of the diameters 
178 : 1799. 

994. In taking the angular diſtance of two objects upon the earth with a 
"quadrant *, if they be at any altitude above or below the ſurface, that angular 
diſtance muſt be reduced to the horizon, if we want it for the purpoſe of carry- 
ing on a meaſurement upon the earth's ſurface ; that reduction may be thus made. 
Let Z be the zenith, MN the horizon, A and B the two objects. Find their Fc. 
altitudes MA, NB, and alſo their diſtance AB; then in the triangle ZAB, we 223. 
know all the ſides, to find the angle Z, or the arc MM, which is the angular | 
diſtance of the two objects reduced to the horizon. We avoid this reduction 
however, when we obſerye with a theodolite having two telelcopes which 
move vertically on an horizontal axis. 


* 


995. To 


* For this purpoſe, the quadrant muſt be fixed upon a center, ſo that it may be put into any 
poſition. | 


Vor. II. N 
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99 5. To find the ratio of the diameters, from the lengths of two degrees in two 
known latitudes, let Ph be the earth's axis, EPDp any meridian, E the equator, 
M any place, draw the tangent Mi meeting OZ int, and DO parallel to it, alſo 
Moa perpendicular to Mt, and Mr to OE, and let My be the radius of curva- 


"TT OR . „ 
to A. Now by Conics, Mx = 5— Mo „but Ma = Ng and * I 
3 
hence, Me but a degree of latitude muſt vary My, and con- 
| OE MR Mk OP? 
3 er ef 1 
ſequently as M.. Now RI = —— GD * R and RN hence, es 67 
: OE 5 _ F 
x OR. But OR = 5p:* O IR; hence, vR* = GE. G 5 
4 2 2 
conſequently Mw =>: 2 Ar + MR*; but if T the fine of MR, 
or of latitude, MR Mv x T*; by ſubſtitution therefore, we get the value of 
Gy: : | 
MV = — hence, a degree of latitude, or Ms, varies 


OE" x 1— —=T*+OP* x 7 

et 

inverſely as OE* x 1 — T*+OP* x 7 , or OCE OE-— OPT. But if 
the ſpheroid be very nearly a ſphere, and OP: OE :: 1: 1+d, then Mu varies 


inverſely as 1—2d 7 +, or inverſely as 1 — 3dT7* very nearly, d being very ſmall. 

Hence, if 7, f be the fines of any two latitudes, and m and # repreſent the lengths 

of a degree of each reſpectively, we have m:#::1—=3dt*: 1 3472“, conſe- 
mu 


ſequently 4d = —— . Hence, the ratio of the diameters is as 
| 2027" — 3nt pk 


41. 


n it m u 


996. Now the length of a degree in different latitudes is, according to 


| | Toiſes. 
Mavrzxruis .. . 1n latitude 66". 2e“ 57422 
VC 
| Tf. ͤ SIOH 
— ß ĩ ĩ 5 +» 44 © > -- +» $0079 


CassINi1 and de la CAILLE . 


Joan and ULLoa E 56768 f 
Bou u —« „ JJ , - + 440762 
De la ConDAMINE Fg 56750 


Masox and Dixon . . 39. 12 56888 


Hence, 
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Hence, we get the following ratios of the diameters of the earth ; 


Lat. 66. 20' and 49% 23' . . . . give 130 : 131, or 200: 201,54. 
66. 20 and 45. © . . .. give 150: 151, or 200: 201,33. 
66. 20 and 43. o. . . . give 147 : 148, or 200 : 201,36. 
66. 20 and 39. 12 . + give 140 : 141, or 200: 201,43. 
66. 20 and at equat. by BouGvER 216 : 217, or 200 : 200, 92. 
49. 23 and at equat. by Bovever 312 : 313, or 200: 200,64. 
39. 12 and at equat. by Boucuts. 370 : 371, or 200: 200,54. 
66. 20 and mean at the equator 217 : 218, or 200 : 200,92. 
o and 49. 23' .:. . . gie 321 : 322, or 200 : 200, 62. 
0-a0d 439.12. -<:--- +» + {IVE 112 2.173, Or 200 : 2011259, 
45. © and at equat. by BouGUER 311 : 312, or 200: 200,04. 
o and 39% 12' . , . . . give 109: 110, or 200 : 201,03. 
997. The mean of all the conſequents of the laſt ratio is 201,13; hence, 
the ratio of the diameters from the mean of theſe twelve compariſons is 200 : 
201,13, or reduced to that ratio, the difference of whoſe terms 1s unity, it 1s 
177 : 178, which is (993) extremely near to the ratio deduced from the mea- 
ſurement at the polar circle and in France. But the great difference of the 
reſults from the different compariſons, ſhow that we cannot depend upon the 
accuracy of the mean ratio, Indeed, other authors have deduced a mean ratio 
from menſuration, agreeing very nearly with Sir I. NREWTox. 


998. In the year 1738, when M. Bovcver was at Peru, meaſuring a de- 


gree of longitude, it occurred to him to put the Newtonian theory of gravity 
to the teſt, by examining the attraction of mountains. This he communicated 
to his colleague M. de la Cox pAMINE, and they made the trial upon the 
mountain Chimboraco, the attraction of which they judged would be about 
the 2oocoth part of the attraction of the whole earth, and therefore they con- 
cluded that a plumb line would be drawn out of it's vertical fituation through 
an angle of 1', 43” towards the mountain; whereas it amounted only to 7x”. 
But the experiments were made under fo many diſadvantages, that no great 
dependance can be placed upon the accuracy of the refult. This fatisfied them 
however that the mountain had an attraction, although it was much leſs than 
what was expected from it's bulk. But it appeared, that this mountain had 
once been a volcano, and therefore was probably hollow in many places. M. 
Bo GER concludes his account thus: © that as in France or in England, a 
hill may be found of ſufficient height for the purpoſe, and eſpecially if the ob- 
ſerver would double the action, by making a ſtation on each ſide, he ſhould be 
happy to hear on his return to Europe, that the experiment had been repeated, 

N 2 whether 
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100 
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whether the reſult tended to confirm his obſervations, or to throw ſome better 
light upoa that enquiry.” Accordingly, the Royal Society requeſted Dr. Mas- 
KELYNE to undertake the buſineſs, who repeated the experiments upon Sche- 


. hallien in Scotland, with an excellent zenith ſector, made by Mr. S15s0x ;. 


his Maj EST very liberally undertaking to defray the expenſes. From obſer- 
vations of ten ſtars near the zenith, he found the difference of latitudes of the 
two ſtations on the oppoſite ſides of the mountain, to be 54",6; and by a 
meaſurement by triangles, he found the diſtance of the two parallels to be 


4364, 4 feet, anſwering, in that latitude, to an arc of the meridian of 42”,94, 


which is 11”,6 leſs than by obſervation ; it's half therefore, 5”,8, is the effect of 
the attraction of the mountain; and from it's magnitude, compared with the 


bulk of the whole earth, Dr. Mas KELYNE diſcovered the mean denſity of the 
earth to be about double that of the mountain. Thus, the doctrine of Univerſal 
Gravitation“ is firmly eſtabliſhed, Dr. HuTTow in the Phil. Trax. for 1778,. 

. | nas 


* Dr. MasxELYNE deduced the follow ing eonſequences: 


1. It appears from this experiment, that the mountain Schehallien exerts a ſenſible attraction; 
therefore, from the rules of Philoſophiſing, we are to conclude, that every mountain, and indeed 
every particle of the earth, is endued with the ſame property, in R to it's quantity of 
matter. 


2. The law of the variation of this force, in the inverſe ratio of the ſquares of the diſtances, as 


laid down by Sir I. NeEwTon, is alſo confirmed by this experiment. For, if the force of attrac- 
tion of the hill had been only to that of the earth, as the matter in the hill to that of the earth 
and had not been greatly increaſed by the near approach to it's center, the attraction thereof muſt 


have been wholly inſenſible. But now, by only ſuppoſing the mean denſity of the earth to be 
double to that of the hill, which ſeems very probable from other conſiderations, the attraction of 


the hill will be reconciled to the general law of the variation of attraction in the inverſe duplicate 
ratio of the diſtances, as deduced by Sir I, NR WTO from the compariſon of the motion of the 
heavenly bodies with; the 9 of gravity at the ſurface of the earth; and the analogy of nature 
will be preſerved. 

3. We may now, 8 be allowed to admit this law; and to acknowledge, that the mean 


denſity of the earth 1s at leaſt double of that at the ſurface, and conſequently, that the denſity of 


the iniernal parts of the earth is much greater than near the ſurface, Hence alio, the whole quan- 
tity of matter in the earth will be at leaſt as great again as if it had been all compoſed of matter 
of the ſame denſity with that at the ſurface; or will be about four or five times as great as if it 
were all compoſed of water. The idea thus afforded us, ſrom this experiment, of the great den- 
ſity of the internal parts of the earth, is totally contrary to the hypotheſis of ſome naturaliſts, who 
ſuppoſe the earth to be only a great hollow ſhell of matter; ſupporting itſelf from the property of 
an arch, with an immenſe vacuity in the midſt of it. But, were that the caſe, the attraction of 


- mountains, and even ſmaller inequalities in the earth's ſurface, would be very great, contrary to 


experiment, and would affect the meaſures of the degrees of the meridian much more than we 
find they do; and the variation of gravity in different latitudes in going from the equator to the 
the poles, as found by pendulums, would not be ncar ſo regular as it has been found by experi- 
ment to be. 

4. The 
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has calculated the attraction of this mountain from the obſervations of Dr. MAs- 
KELYNE, and found that the denſity of the mountain was to the mean denſity 
of the earth as 5: 9; now the denſity of the mountain was found to be to the 


denſity of rain water as 24: 1; hence, the mean denſity of the earth is to the 


denſity of rain water as 41: 1. The internal parts of the earth are therefore 
much denſer than thoſe at the ſurface, but in what manner the denſe parts are 
diſpoſed muſt be uncertain. If we ſuppoſe the earth at firſt to have been in a 
fluid ſtate, and the different parts to have taken their places according to their 
gravity, the central parts muſt be the moſt denſe, the effects of which upon 
the ratio of the diameters of the earth we ſhall afterwards ſtate. 

9099. The vibration of pendulums upon different parts of the earth have 
been uſed as a means to determine the ratio of it's diameters ; for this purpoſe, 
we mult find the force of gravity upon different parts, of it's ſurface. - To 
inveſtigate this, let Pp be the polar, and EQ the equatorial diameter. By 


Art. 976. the attraction at M perpendicular to the ſurface varies as 1708 But 


if. 1 =the mean radius of the earth, and 1. oO EO, then (882) MO=1+e x 


. — 2 x cof. 2 NOE Si 


col. 2MOE hence, 170 = i +e x col. UE 


+ex ver. fin, 2MOE ; therefore the increaſe of ds from the equator to- 


the poles varies as the verſed fine of double the latitude very nearly, or as the 
{quare of the fine of the latitude ; which is the fame ratio as that by which the 


degrees of latitude increaſe, 


1000. If the time of vente of a pendulum be given, the length varies as 
the gravity, and conſequently (976) inverſely as MO. Hence, the length of 
a pendulum vibrating ſeconds, increaſes as it is carried towards the poles. If 
therefore the length of a pendulum vibrating ſeconds in two latitudes could be 
accurately aſcertained, we might aſcertain the ratio of the diameters of the 
earth, the denſity of the earth being ſuppoſed to be uniform. Now it is found 


by obſervations, that the length of a pendutum vibrating ſeconds inereaſes 


from the equator towards the poles, agreeable to what ought to take place ac- 


cording td our theory; but if we deduce the ratio of the diameters of the earth 
| from 


4. The denſity 0 of the peel parts of ag __ bone, Be ever, ſufficient to 1 25 ſenſible 
deflections in the plumb- lines of aſtronomical inſtruments, will thereby cauſe apparent inequalities 
in the menſurations of degrees in the meridian; and therefore it becomes a matter of great impor- 
tance to chuſe thoſe places for meaſuring degrees, where the irregular attractions of the elevated 


parts may be ſmall, or in ſome meaſure compenſate one another; or elſe. it will be neceſſary to 


make allowance for their effects, which. cannot but be a work of f kreat difficulty, and perhaps 
liable to great uncertainty. 
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from the lengths of two pendulums in two latitudes, the concluſions from dif- 
ferent experiments are conſiderably different. This probably ariſes from the 


| irregularity of the denſity of the interior parts of the earth; for in that caſe, 


then M. CLAIRAUr has proved that m= 


the above rule for the variation of the length of the pendulum cannot hold. 
M. CLA1RAvT obſerves {Figure de la Terre, Sect. 69.) that the variations of 
the lengths of the pendulum make the ratio of the diameters nearer. to a ratio 
of equality than 229 : 230, indicating a greater denſity towards the center. 
On account of the length of the inveſtigations, we ſhall refer the reader to the 
Work, and alſo the Phil. Tranſ. Vol. XL. and only give the reſults. 

1001. There are two principles upon which we may find the figure of the 
earth — either by ſuppoſing an equilibrium between two canals from the ſurſace 
meeting at the center — or by ſuppoſing the whole force at every point of the 
ſurface to act in a direction perpendicular to the ſurface. There are ſome 
ſpheroids which unite both principles. If the earth was at firſt in a ſtate of 
fluidity, it muſt have acquired ſuch a form as reſults from the equilibrium of 
the columns, and from the gravitation acting perpendicularly to the ſurface. 
The ſecond principle indeed is abſolutely neceſſary, when the ſurface is covered 
with a fluid, as the fluid on the ſurface could not poſſibly x reſt, unleſs gravity 
acted perpendicularly to it. 

1002, If a fluid ſpheroid contain a nucleus of uniform denſity, and' the part 
exterior to the nucleus be alſo of uniform denſity ; and if 1 = the ſemidiameter 
of the whole ſolid, a =that of the nucleus, = the elliptic form of the nucleus 
(meaſured by dividing the difference of the diameters by the greater diameter), 


the elliptic form of the ſpheroid = mn, the denſity of the fluid = 1, and that of 


the nucleus=1 +f, and the centrifugal force at the equator : gravity :: 4: 1; 
Gu Ed 
1 Figure de la 


Terre, p. 219.) . Hence, he deduces theſe concluſions. 


« If the ſpheroid contain a ſolid nucleus of uniform Jenſity, but different 
from that of the fluid which covers it, and if the figure of the nucleus be ſimilar 
to that of the ſpheroid, but of leſs denſity, the ſpheroid will be more pos 


than an homogeneous body would have been. 


If the denſity of the nucleus be greater than that of the fluid, the ſpheroid 


may ſtill be more flat than an homogeneous one would have been, provided 


the IPL form of the nucleus be within certain limits. 


4 "oi 


; 23 | | 
40 «If 4 be negative and greater than ? LA 195-59, m will be negative; that is, 


the 
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the ſpheroid will be oblong, or the equatorial diameter will be ſhorter than the 
polar. It is therefore poſſible that the earth might have been in the form of 
an oblong ſpheroid, under a certain limit of the elliptic form of the nucleus, 
which! in this caſe would allo be an oblong ſpheroid,” 


1003. If a fluid cover a. ſolid body compoſed of an infinite number of 
elliptic ſtrata of different denfities, of which the elliptic form and denfity vary 
as any function of the diſtance from the center, the ſurface will be a ſpheroid 
very nearly, the centrifugal force being ſuppoſed to be very ſmall. Alſo the 
variation of weight from the equator to the poles is as the ſquare of the ſine of 
latitude. M. CLAIRAVUr allo deduces the following concluſions. . 


If p be the weight of a body at the equator, P it's weight at the pole, E 
the elliptic form of the body if it had been homogeneous (denoted by the dif- 
terence of the axes divided by the greater axis), e the real elliptic form; then 


* 2E - e. Or as the weights of the ſame body are as the forces of gravity, 


. or as the lengths of pendulums vibrating in the ſame time, if the lengths of 
two pendulums vibrating ſeconds at the pole and equator be L and J; then 
L-1 ; | I e 


2E e. If we apply this to the earth, E= =; hence, = —- 
4 230 / 115 
— e. Now gravity is found to increaſe from the equator to the pole in a 


| ; S | L＋ . 
greater ratio tlian it would if the earth were homogeneous, hence, —_— is 


increaſed, and conſequently the elliptic form is diminiſhed. If gravity had de- 
creaſed in a leſs ratio, the flatneſs of the earth would have increafed. This is 
contrary to the opinion of Sir I. NEwTon. M. CLAIRAUr however obſerves, 
that he does not mean to decide againſt Sir Is AAc's determination, becauſe he 
cannot be aſſured of his meaning, when he ſays, that the denſity of the earth 
diminiſhes from the center towards the circumference; as the parts, inſtead of 
being compoſed of parallel beds, may be conceived to be otherwiſe arranged, 
ſo that the opinion of Sir Is AA may be true. M. CEAIRAUr ſhows alſo 
that his concluſions differ from thoſe of Mac Lavkix, in conſequence of 
. their having ſolved the problem upon different ſuppoſitions. From the whole 
view of the ſubject, M. CIAIRAUr obſerves, that if we make the variation of 
the denſity from the center to the ſurface, and the variation of the axes of the 
ſtrata, as general as poſſible, the difference of the axes (from the vibration of 
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230 


1004. The 


1 
1 
0 
| 
ff 
| 
5 
= 


104. 


ON THE FIGURE OF THE EARTH. 


1004. The length L of a pendulum vibrating ſeconds at the equator, and 
the length / at the pole, may thus be found, from knowing the lengths EF 
in two latitudes whoſe fines are S, 5; for L-L': L= :: S: , hence, 
E VW 


1*, therefore 1 = 


. 

1005. The method of finding the ratio of the diameters of the earth by the 
vibration of pendulums upon different parts of it's ſurface, is, either by obſerving 
how much a pendulum of the ſame length will gain in a day, as it is carried 
from the equator towards the pole; or by obſerving how much it muſt be 
lengthened, in order to continue to vibrate in a ſecond, 


The following T able ſhows the ſeconds gained in one day by a pendulum 
vibrating ſeconds in different latitudes, when it remains of the fame length. 


Lat. Seconds || Lat. | Seconds 7 
-. - {Place} gained. Place gained. 

HY 157 | 50? I Y 1 0 
106, 955 | 153, 2 
15 13, 380171, 2 
20 | 26,7. || 65 | 187, 5 
25 40, 8 70 | 201, 6 
30 | 571 || 75 | 213,0 
35 75, 1 f 60 | 221, 4 
40 94, 3 || 85 | 226, 5 
45 | 114, 1 || go | 228, 3 


1006. The 


- 


2 line. 


Under the equator 


At Portobello 
At Pondicherry . 
At Manilla 

At Madagaſcar . 

At St. Domingo 

At the Ifle of France, lat. 20. 10 . . . . . + 


Cape of Good Hope, lat. 33. 


At Malta 


At Toulouſe 


At Geneva 
At Paris 


At Leyden 
At Peterſburg 
At Archangel 


At Pello 
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1006. The following Table exhibits the actual length of pendulums vi- 
brating ſeconds in different latitudes, in French feet, lines, and decimals of 


At Lapland . 


At Kola 


- 


-. » 


_——— g 


JS . (Bovevzr) 3 


lat. o'. 34 (Bovever) . . 
I. 11, %% Genn 
lat. 14. 34 (GENT IT)) 
lat. 17. 40 (GenTIL) . . . 
lat. 18. 27 (Bous uE) 


lat. 35. 54 (d' Ax dos) 


lat. 43. 36 (d' Ax q ER) 


lat. 46. 12 (M. MaLLET) , 


. lat. 48. 50 (De la CAILIL E) 


lat. 52. 9 (M. Lurors) 
lat. 59. 56 (M. MALLET) 
. 


. lat. 66. 48 (Maur ERTUIs) 


lat. 67. 4 (M. MarLETr) 


At Spitzbergen . . lat. 79. go (Lyons) . . 


Vol. II. 


C 


4 Table 
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A Table of the Lengths of a Pendulum, in Fyench Lines, vibrating 
Seconds upon the Surface of the Earth, from the Observations 


made at Peru, Paris, and Spitsbergen. 


* 


Lati- Length of the Lati- Length of the || Lati- Length of the 
tude; Pendulum. || tude. | Pendulum. tude. | Pendulum. 
Degrees  Lmes. Degrees Lines Degrees Lines. 
0 439,07 30 ⁶ 439,72 60 440,92 
Fe 439,07 31 | 439,76 617 440,95 
3 439,08 32 439,80 || 62 440, 97 
3 439,08 33 | 439384 || 03 44,07 
4 | 439099 || 34 439,87 64 441304 
5 43999 | 35 | 439991 65 441,07 | 
6 439,11 36 [ 439995. || - 66 441, . 
7 439,12 „ 440, 0 ||. 67 44,12 
1 439-13 || 38 449,04 „8 | 441,15 
iQ. | 44964 39 | 449,08 ||| 69 441,18 
| TO" 7. ' 4SG(s... 40} 43 MM 79 441,20 
11 , 439,16 41 440,17 © [ 71 . 
| 12 439,18 42 44022 72 447,24 
13 439,20 43 440, [73 441,26 
| I4 [439,22 44 440,31 74 441,29 
| I5 439,24 45 440,35 75 441,31 
— — — 
16 439,27 46 440,40 76 441,33 
9 439,30 47 440,45 77 441,35 
5 439,32 | 48 440,49 78 441,36 
19 439,33 49 440,54 79 441,37 
20 439,38 50 440, 58 80 4415, 3 | 
| — — — — — — 
21 439,41 31 | 440,02 81 441,39 
22 439,44 52440, 65 82 441,40 
23 439-47 || 53 440, 68 83 441,41 
24 439,50 ä 54 440, 51 84 441,42 
| 25 439,53 || 55 | - 449975 5 441,43 
| 26, 439,50 56 | 440379 86 441,43 
27 439,59 57 | 440,02 87 441,44 
28 439,63 38 440, 85 88 441,44 
29 439,67 59 440, 88 89 441,44 
Wo 439.72 60 I go 441,45 
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'T his Table is computed upon ſuppoſition that the increaſe of the length of 
the pendulum 1 is as the ſquare of the ſine of the latitude ; for when the time of 
vibration 1s the ſame, the lengths vary as the forces; therefbre the variation 
of the lengths vary as the variation a of the forces, or (999) as the ſquare of the 


ſine of lame. 8 4 


1007. The ratio of the Fan of Jupiter is leſs (98 2) than that given by 
theory, upon ſuppoſition that it is homogeneous, which M. CLAIRAUT ſhows 
may happen, if Jupiter have a nucleus denſer than the other part of the planet, 
with a certain elliptic form (1002). It is therefore unneceſſary to ſuppoſe, 
with Sir I. NEwrox, that Jupiter is more denſe towards it's equator, and 
which (he thinks) may ariſe from the heat of the fun at thoſe parts. But this 
is much more likely to be the caſe with our earth than with Jupiter, and yet 
Sir Is AAc thinks that the earth is denſer towards the center. He appears to 
have been led into his conjectures, from thinking, that an increaſe of flatneſs 
of the body muſt be attended with a greater increaſe of weight in going from 
the equator to the poles, than if the body had been homogeneous, which 
(1003) is not neceſſarily the caſe. The a denſity of the internal parts 
of the earth, and the variation of gravity upon it's ſurface, ſeem to favour the 
ſuppoſition that the difference of the diameters is leſs than that which Sir 
I. NEwToON has determined. M. de la LAxpE aſſumes the difference to be 


3 part of the whole. 
300 
1008. The horizontal parallax of the moon is as the radius of the earth 
directly, and the diſtance of the moon from the center of the earth inverſely. 
The diſtante of the moon therefore being known, if we know allo it's Tet hows 
parallax, the radius of the earth will be known. If therefore two radii of the 
earth in two known latitudes be thus determined, thè figure of the earth may be 
found. But obſervations of ſufficient accuracy to ſettle this matter, have never 
been made. It has alſo been propoſed to find the ratio of the diameters of the 


earth from ſolar eclipſes, as the computation of the parallax of the moon, and 
conſequently the times of the beginning and end of ſuch an eclipſe, will vary 


according as the ratio of the diameters of the earth vary. M. de la LAN DE 
; ; | I a a 
thinks that a difference of Nes of the diameters will make ſuch computations 


beſt agree with obſervations. From a conſideration of all the circumſtances, 
it is probable that the difference of the polar and equatorial diameters of the 
earth, is leſs than that which is determined by Sir I, NEwTov. 
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1009. The length of a degree of latitude at the equator, taking the mean of 


three meaſures, is 567 565 toiſes, which multiplied by 6 gives 340540 French 


feet; and as a Paris-foot : an Engliſh foot :: 4,263 : 4, a degree at the equator 
in Engliſh feet is 362930, 5; hence, the circumference, correſponding to this arc 
of 1*, is 130654980, the radius of which is 3938,334 miles, which we may 
conſider as the radius of curvature at the equator, Aſſume 230x and 231 x 


for the polar and equatorial radii ; then, by Conics, — = 3938,3345 


hence; 230 —S930334 x2 - = 39554 miles the polar radius, and 231x= 


3972,5 the equatorial radius; and the difference of the two radii = 17,1 miles, 


from this ratio of the diameters ; alſo, the mean. radius = 3963,9 5 which we 


may take 3964. Now the circumference correſponding to this mean radius 
is 24907, conſequently the length of a degree correſponding to this mean 
radius, or a mean degree, will be 69,2 miles. 


1010. By Art. 995. the length of a degree varies inverſely as I—3d 7; X 


now at the equator 7=0; hence, the length of a degree at the equator : 


length in any other latitude :: 1 34 7: 1; thus the length of a degree for 
any latitude may be computed. Hence alſo, the increment of a degree from 
the equator to the pole will increaſe as 3d T5, or as T* the ſquare of the fine 
of latitude. And as the length of a degree molt be in proportion to the 
radius of curvature, the variation of the radius of curvature of an ellipſe 
which 1s very nearly a circle, muſt be as the ſquare of the fine of 
latitude. | 


1011. To find the angle OM between a perpendicular My to the ſurface 
and MO drawn to the center. Let OS, OE SIA d, then OEZ*=1+294; 


put ORS x, and draw vc perpendicular to MO. Now Rv= x * 727 = x 


x 1—24, therefore Ou 2 dx 2d x col. lat. nearly; but co = Ov x fin. vor 
= Ov x fin. lat. nearly; therefore cv=24 x col. lat. x fin. lat. nearly = 4 x fin. 
2 lat. nearly, and this is the ſine of vMO to radius Mu which we may con- 
fider here as unity. This angle OM» is the reduction of the cle tation of the 


pole in Art. 173. 


1012. The earth being ſuppoſed to be a ſphere, the length of a degree of 
longitude, as you go from the equator to the poles, decreaſes as the arcs of 
the circles parallel to the equator intercepted between any two meridians de- 
creaſe, which arcs are as theif radii, or as the coſines of latitude ; therefore, 
radius -: cof. of latitude :: the length of a degree of longitude at the * 


: the 
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: the length of a degree of longitude at that latitude. But as the earth is a 
ſpheroid, this rule will want a little correction. Let POp be the axis of the 
earth, EPUp a meridian, -EOU a diameter of the equator ; then the latitude 
of M is MvE, and the angle vMO is given in Art. 1011. therefore MvE 
—vMO=MOE is known; hence, we get QOM. But (882) if unity re- 
preſent the mean radius of the earth, and e = the difference between the 
mean and the greateſt or leaſt radii, then will 1+ e coſ. 2 MOE=MO; 
hence, knowing YOM and MO, we find 2M, and this we muſt uſe inſtead 
of the coſine of the latitude, in order to find the length of a degree of longi- 
tude upon the ſurface of the earth. The length of a degree therefore being 
known for one latitude, the length. for every other latitude may be found. 
Hence, the calculations for the following Table may be made by this Article 


and Article 1010. — | 


' 
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General Roy. The toiſe contains fix feet, the foot contains twelve inches, 


and the inch contains twelve lines. 
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1013. The figure of the earth is ſo near that of a ſphere, that in eſtimating 
t's magnitude, we may conſider it as a ſphere whoſe radius is the mean radius 


of the earth. Now this mean radius is 13964 mules; hence, 3964 x 6,28318 


22490 miles the circumference; alſo, 3954 x 3-14159265 x 4=197459101 
the number of ſquare miles upon the earth's ſurface; laſtly, 3964* x 


4,18879020478 5 = 260909292265 the number of cubic miles contained in the 


earth. Dr. Loxc eſtimated. the proportion of the land and water upon the 
ſurface of the earth, ſo far as diſcoveries had then been made, in the following 


manner. He took the paper. off a terreſtrial globe, and then cut out the land 
from the ſea, and weighed the two parts; by this means he found the propor- 
tion of the water to the land as 349: 124. The concluſion: would be more 
accurate, if the land were cut out from the ſea before the paper was put upon 


the globe. After all the modern diſcoveries, this method would probably give 


the proportion of land to water, to a conſiderable degree of accuracy. 
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Art 1614, Ir. has already been obſerved (148); that” e equinoctial 
; points have lla retrograde motion of about 50: in a year. 
Sir 1. Nawron was the firſt who accounted for this motion. Having proved 
that, from the centrifugal force of the parts of the earth ariſing from it's rota- 
tion, the equatorial diameter muſt be greater than the polar, he proceeded to 
| ſhow, that if we conceive à ſphere to be inſcribed in the earth, the attraction 
of the ſun and modn upon the exceſs of the quantit of matter in the earth 
above that of the ſphere will cauſe a motion in the p e of tlie equator, and 
make the points where it interſeQs the ecliptic” go backwards upon it. But 
although he aſſigned the true cauſe of the preceſſion, it is acknowledged that 
he fell into an error in his inveſtigation of the effect. Without, however, any 
inquiry relative to the circumſtances in which he has erred, I fhall ſhow how 
we may obtain a true ſolution from the common principles of motion.“ 2 222 


1 21 1 


1916. Let $ be the ſun, ABDC the earth, 7 it's center, E 2. the equator, 
P, p the poles; draw CTB perpendicular to. SAD, : and join SE, which produce 
to meet CB in K. vo the radius 7E unity, and let the oO of the ſun on 


a particle at T be >=: Fr then the force on a a particle at: EE. bence, if we 


F 


reſolve this latter force in two others, one in the eto, EF and the other 


in a direction parallel to 78, we have SE: ST :: NEIN : the foice. | in the di- 
1 1 4+ 3EK | 
E, FF Zr © $T* $7? 
terms of the ſeries on account of their ſmallneſs. Hence, the force with which 


rection parallel to 718 omitting the other 


a particle at E is drawn from CB = > cpaſeguently the effect of this force 
in a direction perpendicular to ET will be e hence, this force: 


ticle at 7 :: e ger 3 EK KT : ST. 


Vol. II. 3 | Now 


the force of the ſun on a par 
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Now if P= the periodic time of the earth, p=the periodic time of a body 
revolving at the earth's ſurface, then (8 58) the force of the earth to the ſun : 


force of the body to the earth, or the force of gravity,.: TH = : 5 hence, the 


force on a TP. at E perf to 2 7 : force of gravity : 
3EK x KT xp*, 1. (iris i nd 1741 . een 185 "Sg 


F is "SLE: if NA 34H {© 
1016. Let v be the center of gyration, and — M= the quantity of matter 


in the earth; then the effect of the inertia of M placed at v to oppoſe the com- 


municatiqn of motion, is the fame as. the effect of the inertia of the earth; and 


hence, TE* : Tot (=2 TE"), ts M: 1 N. whigh. is the quanaity of t matter 


to be placed at E to have the ſame effect. ln ien eee t 

101. Let PEp2 repreſent the earth, P, p it's s poles, Eibe equator, 
Pepg a ſphere, whoſe, diameter is the axis PY, TA a radius directed to the 
ſan, and CI a plane perpendicular to it, PXip) a great eircle perpendicular 
to PEA PAN. and let IR rępreſent a ſmall circle parallel. to the equator ; take 
the arc XI. Al. and draw; LM. In, XY; perpendicular to the plane CTB. 
Now (847) the diſturbing force of; the, fun at L, I, in the directions ML, ml 
are as ML, mg, conſequently theſe forces are the ſame as they would be if 70 
corpuſcles at L, I were orthographically projected, upon the plane CAB D; 
us therefore opyceive the whole matter in the earth to be thus move ery 


Draw XN, Iu paralleh to BC; put = 3444459 &c. a=the. mean radius of 
the earth, Ee = n, = IA on the projection, TX=v, s=fin. ATE, c= coſ. 


ATE, the arc XL, or XI z, and y fin. XL; then (in the projection) In = 
NX=sy, Xn = =NL=ty, XF= and 420; therefore EM = gu c. 
Im=sv—cy, TM=cv—'sy, and Tm =tv+ty." Now the forces at L and I in 
the directions ML, mJ, being as ML, ml, their effects to turn the earth 


about 7 in the direction BAC are as ML x MT and m/x mT, or the whole 


effects are as PY DL 2c * =; therefore the 
fluxion of the force of all the matter in the circumference IR is as 2055 x v* — * 


hence, the fluxion of the force to turn the earth in the direction CAB is as 


e 
SCENT —V*= 209 X FEES = 2c , whoſe fluent, when y=r, is 


Dry 


I pr x * K 2 Ng force 10 the ſemicircumference IR; hence, the force on 


that whole circumference = pr x (Sxr*=2y'=(as =-) pr x 5x a 3. 


| „ . : 
Now @:r:m:li= => hence, the fluxion of the force of the annulus IgE 


1 ä — mes 
— xXx xa v* x 5 * 


f 42. 


. 2 8 my „ 1 2 
15 , pr TN 3 
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-% >< Fa. FAS LA Þ | 148 Ge 9 ty 
4 — an? d, whoſe fluent, when v= =a, is ; 2h ” x at, which is as 


the whole force on the matter exterior to the ſphere Pe þq, on one ſide of EA; 


hence, 1 ak x a* is as the whole force of the fun upon the earth to turn it 


about in the direction CAB. Now a+3m=TEF, = In Te; hence, the 
ſolid content of the ſpheroid = =; SPXAa—FIMX I. F pa* ＋ pma* very 
nearly; and the content of tlie Iphere = N a— a—Im = pa! — 2pma* very 
nearly ; ; the difference of theſe is 2 : bm the content of the part exterior to the 


ſphere; place one fifth of this matter, that is, 15 ,, at E; then as EK ca, 
and KT =5a, the effect of the fun to turn the matter 5 pma at E about 


5 net. a which is equal to the effect of the ſun upon the whole earth 


to Dy. it about it's center. Hence, the effect of the ſun. upon the matter of 
the earth exterior to the ſphere to turn it about it's center, is equal to the effect 
which would be produced if one fifth part of that matter were placed at E. 
1018. Put q=the quantity of matter in the earth. above that of it's inſcribed 
ſphere ; now (1017) the attraction upon the matter exterior to the ſphere 
would generate an angular velocity about an axis perpendicular to CABD, 
Sn to the angular velocity which would be generated in a quantity of matter 
=+q placed at E. Let us therefore ſuppoſe the ſun's attraction perpendicular 
to ET to be exerted upon a quantity of matter at E to ; , and at the ſame 
time to have a quantity of matter to move = 5 M, and then (1016, 1017) 
it appears, that the effect will be the ſame as the accelerative force of the tin 
to turn about the earth. Hence, that accelerative force is (1015) equal to 
| . 1 i . Now if TE : let n er, 


then M: N : 1 1% 2, therefore n ar, hence, * 


conſequently the accelerative force = zEK x LEE C2 2. the force of gravity 


on the earth being unity. | \ 

1019. Let S the arc deſcribed by a point * the equator about it's axis in 
an indefinitely ſmall given time, which may therefore repreſent it's velocity; 
and let 4 repreſent the. arc deſcribed in the lame time by a body revolving 


a 2 


about the earth at it's ſurface ; then = =the gin of the arc deſcribed by 
P 2 | the 
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the body in the ſame time, and conſequently S the velocity generated by 


gravity whilſt a point of the equator deſcribes 2. Hence (1018), 1 : 


23 «Fei : 4 85 nF 21 2 the velocity of the 


| point E perpendicular to ET, generated by the action of the ſun whilſt tlie 


equator deſcribes 2 about it's axis; conſequently the ratio of theſe velocities 
„e X rx BY, 
P Fs 
1020. Let be an arc deſcribed by the ſun in hs ecliptic to a radius equal 
to unity, whilſt a point of the equator deſcribes Z about it's axis, then (as ap 
the time of the earth's rotation, and the arcs n in equal times to 


18 


equal radii are inverſely as the periodic times,) I 5 52 7 . hence, 


if v and w be put for the fine and coſine of the ſun's declination, the ratio of 


the velocities in the laſt Article becomes 2 — 1. 


1021. Hence, if SAL be the ecliptic to the radius unity, P the place of 
the ſun, SBI the equator, PE the ſun's declination, and we take Ec : de 


(de being perpendicular to Ec) :: 1 , 32k 2 and through d, E, deſcribe 


the great circle T EM, then will 8 T be, . preceſſion of the equinox, during 
the time the ſun deſeribes in the ecliptic ; hence, Ed, or Ec, or 1, : dc, or 
322 2 IE x fin. SE: SY 22 . 2 SE xy therefore the En. To V, or 
| © zapruw ſin. SE x y | 
IT. e {| 
| | * Ef Ih coſ. SP SP UW 
1022. Now Fang ESP = fin. Sp, —4 W = N hence, 170 ESP 
ſin. SP col. S 8 coſ. ESP 


e eee ”” Tan. IF > cot. 
fin. S Px cof. SP cof. ESP fin. SP* x cof. ESP 
"eo, £8 x tan. X&$ x cot, 87 © ©: tfha-; ES 
22 fin. in. $P* x col. SITE PAT AR of $P) 3apr x coſ. ESP x x 

P 15 : RI ** 0 


1 col. ESP 
whoſe fluent is 32 25 * — 1 5, oF when x = 1, it becomes 


TÞ = 15 hence, 5 = 


; conſequently ST = 


3apr x col. ESP x m 
2P 

the ſun deſcribes 90˙ _— the equinox ; and to find the degrees, ſay 4m : 

360* 


— (y being now =m a quadrant) the arc of preceſſion whilſt 
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zap * coſ. ESP m 8 12 3apr x col. ESP 


360˙ͥ . . 360 VP , conſequently the pre- 
ceſſion in A year = 360˙ _ 3apr * ESP 21”. 6”. This would be the 


preceſſion of the equinox ariſing from the attraction of the ſun, if the earth 


were ſolid of an uniform denſity, and the ratio of the diameters as 229 : 2 30; 


but, from what follows, if the greateſt nutation of the earth's axis be rightly 
aſcertained, the preceſſion is only about 144“; which difference between the 
theory and what is deduced from obſervation, muſt ariſe, either from the fluidity 
of the earth's ſurface, an increaſe of denſity towards the center, or the ratio 
of the diameters being different from that which is here aſſumed; or probably 
from all the cauſes conjointly. This regreſſion of the equinoxes (caufed by 
the plane of the equator moving backwards upon the ecliptic) muſt neceſſarily 
cauſe the poles of the earth to deſcribe circles about the poles of the ecliptic, in 
a direction contrary to the order of the figns, ſetting aſide the effect of nutation. 
1023. Having aſcertained the preceſſion, the correſponding nutation may 
be immediately found thus. Take SB = SA oe, and draw the great circle 
BbA, then BA 1s the meaſure of the angle BSA (12); and as we may 
conſider Th and TA to be each equal to go? without any ſenſible error, 4 will 
be the meaſure of the angle 74; hence, B will meaſure the difference of 
the angles BSA, b TA, or the variation of the inclination of the equator to the 
ecliptic, or the nutation of the axis of the equator. Now SV: Bb :: fin. SE 
: ſin. BE, or coſ. SE, :: tan. SE: rad.; allo, ST : S:: rad. : fin. T; hence, 


ST: Bb :: tan. SE : Ga, T; but tan. 5E col. T x tan. TP; therefore B. 


ST x fin. 7 3apr x coſ. ESP x x*x 
Tx a T5 But ST=- „ and x being the ſine of 
TP, it's tangent = = hence, (conſidering the angles ESP and T as 


equal) Bb = \ hoe LES - =” whoſe fluent is 32" * . LE, the 
arc of nutation whilſt the ſun deſcribes SP; and if m=an arc of go? of the 


3.4 pr x ſin, ESP Xx 


ecliptic from Aries, we have, 4m : 360%: "5 ng : 360* x 
E LES A the angle of nutation ; and when x= 1, we have, 360* 
1 . 775 — for the whole nutation whilſt the ſun moves from the 


£quinox to the tropic. Whilſt the fun moves from the equinox to the tropic, 
BA 1s greater than 4, and therefore the inclination of the equator to the 


ecliptic decreaſes ; but from the wre to the equinox, BA is leſs than 4, and 
therefore 
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+ Ih ö 
| 5 
. 
[ 
» = 


—— — 


preceſſion, wh which therefore is to the mean preceſſion as —x VI = 2 
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therefore the inclination increaſes. Now the nutation varies as the ſquare of 
the ſine of the ſun's longitude; and as x increaſes till the ſun comes to the 
tropic, and then decreaſes again until it comes to the equinox, when it is o, 
the inclination, from this cauſe, is leaſt when the ſun is at the tropic, and 
greateſt when the ſun comes to the equinox, and is then the fame as at the 


preceding equinox, 3 » 
1024. Hence, the preceſſion during the ſun's motion from the equinox to 
Un. ESP x x 
the tropic: the nutation at any time :: coſ. ESP: r 1 


tan. ESP x x*, and at the tropic, this ratio becomes : tan. ESP, or as 1,5708 
4341. Hence, if we take the whole preceſſion for the time the ſun is moving 
from the en to the tropic to be one fourth of 141“, the nutation at the 
tropic 1“, which is the greateſt nutation ariſing from the force of the ſun, 
x at the tropic being the greateſt. Hence, the nutation from the time the ſun 


leaves the equinox = 1” x x*=#” — 3” x coſ. 2y; and at 45* from the equinoxes, 


the inclination is the mean, it varying half a ſecond each way from thence. 
Hence, at the equinoxes, the nutation =“, and at the tropic, the nutation 
= — F” from the mean inclination; and the nutation at any time from the 
mean inclination = F” col. 2 y. 

1025. To find the equation of the preceſhon, we have m: y :: J of 144“: 


144“ x 2 the mean preceſſion correſponding to the longitude y, upon ſuppoſition 


that the annual preceſſion ariſing from the force of the ſun is 147”. Alſo (1022), 


the mean preceſſion correſponding to the longitude m 15 22S 27 2 = 


hence, : :: 13 22 * oF 3 the mean preceſ- 


fion correſponding to the longitude y; but the true preceſſion in the fame 


apr x col. ESP —_————_—=— | 
time is (1022) 322 _ —xy-xV1-x, from which take the mean 


3p! x cof. ESP 
25 


preceſſion, and we have — * A V= for the equation of 


—2x Ars: 2 91 —ſin. 2y : 2y. But the mean preceſſion at the ſame 
F-.7 5 855 2 en. 27 
time is 14z” 2; hence, 2 — ſin, 2. — 
410 4m 91 Me 83.31.2409" 8 4m. 8 m 


= mw 1”, 9⁵ TM fin. 2y the equation of the preceſſion, Hence, this equation " Wy 
greatelt 1 in the middle point between the equinox and tropic, and is there 
=1”, 9”; and it is to be ſubtracted in the firſt and third quadrants of the 


. ecliptic, and _—_— in the ſecond and fourth. 


. | 1026, Let 


- 


oY 
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1026. Let E be the pole of the ecliptic + L, P the mean pole of the Fi G. 
equator, about which as a center deſcribe the circle abc4 with a radius !; 227, 
draw ErPaC, and make the angle aPp=twice the motion of the ſun in longitude | 


from the equinox, and p will repreſent the true place of the pole, very nearly. 


For Pp: Pr :: rad. : fin. 2y 
nr: 19 20 : rad. 


BG. 


TX, 


4“ x fin. 2y 


0 mT 215 x lin. 2 7 


% 


Which is (1025) very nearly the equation of preceſſion ; if we therefore ſup- 
poſe the true pole at p, it throws the tropic from C to m, and the equinox as 
much from to , and this is the caſe till y=go?; and as y increaſes from 
90” to 180®, p lies on the other fide of EC, and throws the true from the mean 
equinox on the other fide of ꝙ to p”. This agrees with Art. 1025, where 
the equation was ſhown to be negative in the former caſe, denoting thereby 
the true to lie at ꝙ in reſpe& to ꝙ the mean equinox, and poſſitive in the 
latter, denoting the true to lie at “ in reſpe& to ꝙ the mean equinox. Alſo, 
PP: pr :: rad. =1 : col. 2y, therefore pr=Z” x coſ. 25 the nutation, 
which diminiſhes the mean inclination whilſt the ſun paſſes from 45* before 
the tropic to 43 after, and increaſes it for the other part, agreeable to 
Art, 1024. Hence, the inequality of the preceſſion, and the nutation, may be 
repreſented, by ſuppoſing the pole of the equator to deſcribe a circle of 1” 
diameter about the mean pole every half year, making the true pole þ to ſet 
off from a at the equinoxes, and to move in conſeguentia with an angular motion 
about P which is equal to double the ſun's motion in longitude. The appa- 
rent diſtance therefore of every ſtar from the pole of the equator, will be ſubject 
to a variation of 1” twice in a year from this cauſe. This motion of the pole 
of the equator, Dr. MASKELYNE has mentioned in the Pretace to his Tables, 
publiſhed in the firſt Volume of his excellent Obſervations. 


On the Preceſſion and Natation arifing from the Action of the Moon. 


1027. The inequality of the preceſſion of the equinoxes, and the nutation 
of the earth's axis, arifing from the attraction of the moon in different ſituations 
of it's nodes, was diſcovered by Dr. BRAPDLEVY. With his zenith ſector fixed 
at Wanſtead, he informs us, that as ſoon as he diſcovered the cauſe, and ſettled 


the laws of the aberration of the fixed ſtars ariſing from the progreſſive motion 
of 
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/ 


of light, his attention was excited by another new phenomenon, that is, an 
apparent change of declination in ſome of the fixed ſtars ; which ſeemed to 
be ſenſibly greater about that time, than a preceſſion of 50” in a year would 
have occaſioned. In conſequence ' of this he continued his obſervations, and 
from 1727 to 1732 he found that ſome of the ſtars near the ſolſtitial colure 
had changed their declinations 9“ or 10” le than a preceſſion of 50 would 
have produced; and at the ſame time, that others near the equinoctial colure 
had altered their's about the ſame quantity more than ſuch a preceſſion would 
have occaſioned ;: the north pole of the equator ſeeming to have approached 
the ſtars which come to the meridian with the ſun about the vernal equinox 


and the winter ſolſtice; and to have receded from thoſe which come to the 


meridian with the ſun about the autumnal equinox and ſummer ſolſtice. 
Conñidering theſe circumſtances, and the ſituation of the aſcending node of 

the moon's orbit at the time when he firſt began his obſervations, he ſuſpected 
that the moon's action upon the equatorial parts of the earth might produce 
theſe effects: for the plane of the moon's orbit being at one time, above 10? 
more inclined to the plane of the equator, than at another, it was reaſonable to 
conclude, that the part of the whole annual preceſſion, which ariſes from the 


moon, would in different years be varied in it's quantity; whereas, the plane 


of the ecliptic, wherein the ſun appears, keeping always very nearly the ſame 
inclination to the equator, hat part of the preceſſion which is owing to the ſun, 
muſt be the ſame every year. Hence it would follow, that although the mean 
annual preceſſion, proceeding from the joint actions of the ſun and moon, was 
50“, yet. the true annual preceſſion might ſometimes exceed, and ſometimes 
fall ſhort, of that mean quantity, according to the various ſituations of the 
nodes of the moon's orbit. In the year 1727, the moon's aſcending node was 
near the beginning of Aries, and conſequently it's orbit was as much inclined 


to the equator as it can at any time be; and then the rye annual preceſſion 


was found, by his firſt year's obſervations, to be greater than the mean; and 
the ſtars near the equinoctial colure, whoſe declinations are moſt affected by 
preceſſion, had changed Zherir's above a tenth part more than a preceſſion of 
50“ would have cauſed. The ſucceeding years' obſervations proved the ſame 
thing; and in three or four years' time the difference became ſo confiderable, 
as to leave no room to ſuſpect, that it was owing to any imperfections either in 


the inſtrument or obſervations. 


But ſome of the ſtars which he obſerved, that were near the ſolſtitial colure, 


having appeared to move, during the fame time, in a manner contrary to what 


they ought to have done, by an increaſe in the preceſſion ; and the deviations 
in them being as remarkable as in the others, he perceived that ſomething 


more than a mere change in the quantity of the preceſhon, would be requiſite 


to 


* 
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to ſolve-the phanomenon,.. Upon comparing his obſervations of ſtars near the 
ſolſlitial colure, that were neatly oppoſite in right, aſpenſion, he found that they 
were equally affected by this eguſe; for whillt., Draconis appeared to have 
moved northward, the ſmall far, which is the/thirty-fifth GameJopardali Hevel. 
in the Britiſh | Catalogue, ſeemed to hape gone as much towards the ſouth; 
which ſhowed, that this apparent motion, in both theſe ſtars, might proceed 
from a nutation of the earth's; axis. Upon making the like compariſon be- 
tween the obſervations of other ſtars that lie nearly oppoſite in right afcenſion, 

whatever their ſituations were with reſpect to the cardinal points of the equator, 

it appeared that their change of declination, was nearly equal, but contrary, 
and ſuch as a nutation of the earth's axis would effect. | 


The moon's aſcending node being got back Ga. the daß of 


Capricorn in the year 1732, the ſtars near the equinoctial colure appeared, 
about that time, to change their declinations no more than a preceſſion of 5300 
required; whilſt ſome of thoſe near the ſolſtitial colure altered their's above 2” 
in a year leſs than they ought. Soon after, he perceived the annual change of 
declination of the former to be diminiſhed; fo as to become Jeſs than go” of 
preceſſion would cauſe; and. it continued to diminiſh till the year 1736, when 
the moon's aſcending node was about the beginning of Libra, and it's orbit 
had the Jeaft inclination to the equator. By this time, ſome of the ſtars near 
the ſolſtitial colure had altered their declinations 18“ leſs, ſince the year 1727, 
than they ought to have done from a preceſſian. of 500. For Draconis, which 
in thoſe nine years ſhould, have gone about 8” more. ſoutherly, was obſerved in 
1736 to appear 10“ more northerly than it did in 1727. 

As this appearance of / Draconis indicated a diminution of the inclination 
of the earth's axis to the ecliptic ; and as it had been obſerved that that inclina- 
tion was regularly diminiſhed, if this phenomenon depended upon ſuch a 


cauſe, and amounted to 18” in nine years, the obliquity of the ecliptic would, 


at that rate, alter a minute in 30 years, which was faſter than had been found 
from obſervations. He therefore thought that ſome part of this motion, if not 
the whole, might ariſe from the action of the moon upon the equatorial parts 
of the earth, which, he conceived, might cauſe a libratory motion of the earth's 

axis. But as he was unable to judge, from only nine years obſervations, whe- 
ther the axis would entirely recover the ſame poſition that it had in 1727, he 
found it neceſſary to continue his obſervations through a whole period of the 
moon's nodes ; at the end of which he found that the ſtars returned into the 


ſame poſitions again, as if there had been no alteration in the inclination of 


the earth's axis, which convinced him that he had rightly affigned the cauſe 
of the phenomenon ; and the very near agreement of his obſervations upon dif- 
ferent ſtars with this theory, through a revolution of the moon's node, indiſ- 

Vor. II. * putably 
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putably confirmed it. The following Table contains his obſervations upon 
7 Dratonis for 20 years. The firſt columm contains the times of the obſerva- 
tions; the ſecond ſhows the number of ſeconds the ſtar was ſouth of 38. 25, 
that being the point of the limb of the ſector with which this ſtar was com- 
pared; the third contains the alteration of the'polar diſtance, which the mean 
preceſſion, at the rate of one degree in 414 yeats, would cauſe in this ſtar, from 
March 27, 1727, to the day on which the obſervatien was taken; the fourth 
ſhows the aberration of light; the fifth, the equations 'arifins from the afore- 
mentioned hypotheſis; and the ſixth gives the mean diftanes of 'the ſtar from 
the point with which it was compared, found; by collecting the-ſeveral num- 
bers, according to their ſigns, in the third, fourth and fifth ver and ab- 
plying them to the ob/erved diſtances contained in the ſecond: 1. 

If the obſervations had been perfectly exact, and the ſeveral equations of cheir 
due quantity, then all the numbers in the laſt column would have been equal; 
but ſince they differ a little from onè another, if the mean of all be taken, and 
the extremes are compared with it, we ſhall find ne greater difference, than 
what may be ſuppoſed to ariſe from the-uncertainty of- the obſervations them- 
ſelves ; it no where amounting to more chu 14. The hypotheſis therefore 
ſeems, in this ſtar, to agree extremely well with the obſervations here ſet down; 
but as J had made 300 of it, I took the trouble of comparing each of them 
with the hypotheſis: and although it might have been expected that, in ſo 
large a number, ſome great errors would have edcurred, yet there are very few; 
viz. only eleven; that differ from thei mean of theſe ſo mucli as 27; and not one 
that differs ſo much as 4x This ſurprizing agreement, therefore, in ſb long 
a ſeries of obſervations, taken in all the various ſeaſons of the year, as well as 


in the different poſitions of the moon's nodes, ſeems to be a ſufficient proof of 


the truth, both of 2s hypotheſis, and alſo of lat which 1 formerly advanced, 
relating to the aberration of light; ſince the polar diſtance of this ſtar may 

differ, in certain circumſtances, almoſt a minute, viz. 563”, if the corrections 

reſulting from both theſe hypotheſes are neglected; whereas, when thoſe equa- 


tions are” rightly applied, the mean place of the ſtar comes out the e as 
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. 1 - PS PF 
8 18 — — 


a e ee nr 22 og 7 
pDAο. J Preceion.|Aberration|Nutation. Wee 
1727 September ST 7056: 1. =. "4 | +19%2 | — 8"g9 | 80",4 
: "1728 March 18 | 108, 7 F 0,8 | —-=19, 0 | — 8,6 | 80, 3 
| —— September 6 70, 2 — x 2 | +19, 3 | — 8,1 | 80,2 | 
1729 Wen 6 | 108, 3 1, 6-19, 3 — 7, 4 80, o 
1729 eee 8 | 69, 4 | = 2, 17719, 3 = 6,9 | 80, 2 
1730 September 8 | 68,0 — 2,0... +19, 3 |: 35 4 80, | 
1731 September 8 | 66,0 | — 3,8 | +19, 3 | — 1,0 | 80,5 | 
| 1732 September 6] 04, 3 — 4,6 | +19,3 | + 2,0 Ex, ©} 
| | AE TLRs — —— — | 
| 1733 Auguſt 29 60, 8 „ 4719 0 T 4, 8 79, 
| 1734 Auguſt 11] 62,3 | 6, 2 | +16,9 | + 6,9 | 79,9 
1735 September 10 60,0 — 7,1 | F19,3| + 7,9 | 80,1 
1736 September 9 | 59-3 | 8.0119, 3 + 9,0 | 79,6 | 
| 1737 September 6 6o, 8 | - 8,8.| 719, 3] + 38, 5 79,8 | 
1738 September 13 | .o 60 | Init + C1 79,7 1} 
| 1739 September '2 |.'66, 6 — 10, 5719, 2 + 4,7 | 80,0 
1740 September 5 | 70,8 — 11, 3 +193] 1,9] 80, 7 
| 2741 September 2 | 75,4 | —12,1.| +19,2| — 1,1 | 8, 4 
1742 September 5 | 76, 7 —12,9 719, 3 — 4,0 | 79, 1 | 
1743 September 2 | 81,6 | —13,,7 | +19, 1| — 6,4 80, 6 
1745 September 3 386, 3 215, 4 719, 21 — 3,9 81,2 
1746 September 17 | 86,5. | 16, 2 19, 2 — 8,7 | 80,8 
1747 ber me . neige . ©} 0, 


I be concluſion derived from theſe obſervations is, that the gradual diminu- 

tion of the obliquity of the ecliptic to the equator does not ariſe from an alter- 
ation in the poſition of the earth's axis, but from ſome alteration in the ecliptic 
itſelf; becauſe the ſtars at the end of the period of the moon's node, appeared 
in the ſame places with reſpect to the equator, as they ought to have done, 
if the earth's axis had retained the ſame inclination to an invariable plane. 


Dr. BRADLEY, in his obſervation upon n Urſæ Meyers, in the years 1740 
and 1741, found that they gave the polar diſtance 3” greater than the mean of 
the other years ; and obſerves that, had there been only a ſingle obſervation in 
each of theſe years, part of this difference might have been ſuppoſed to have 
ariſen from their uncertainty; but as there were eight obſervations taken within 
a week in 1740, which agree well with each other; and three were made 

4 2 | within 


* 
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within twenty days in 1741 which likewiſe correſpond with each other, he 
was inclined to think that the aforementioned difference muſt be owing to 
ſome other cauſe ; and he ſuſpe&ed that the poſition of the moon's apogee, as 
well as of it's nodes, had ſome relation to this apparent motion. 
1028, Dr. BRADLEY communicated his obſervations to Mr. Macnin, 
who ſoon after ſent him a Table of the annual preceſſion and the correſponding 
nutation, in the various ſituations of the moon's nodes. Theſe were calculated 
upon ſuppoſition that the pole of the equator, during a period of the moon's 
nodes, moved round in the periphery of a circle of 18” diameter, having the 
center 232%. 290 from the pole of the ecliptic, that circle having an angular motion 
of 50 about the ſame pole. The north pole of the equator was conceived to 


be in that part of the ſmall circle which is furtheſt from the north pole of the 


ecliptic, when the moon's aſcending node is in the beginning of Aries; and 
the oppoſite point of it, when the ſame node is in the beginning of Libra. 
But Dr. BRADLEY afterwards obſerved, that the calculations would agree better 


with obſervations, if the true pole of the equator deſcribed an ellipſe inſtead 


— 


of a circle, whoſe minor axis is about 16”, and lying parallel to the ecliptic. 


This is confirmed by theory. From all the obſervations of Dr. BRADLEY, 
Dr. MAasXELYNE fixed the whole nutation at 19”,1. In the Table We ave 


computed, we have aſſumed it 19”. 


1029. Sir I. NzwTox had taken notice of the nutation of the 8 axis; 
and Mr. FLamsTEAD in his His. Cel. Vol. 3. P. 113, informs us, that he 
attempted to diſcover it's quantity, but found his inſtruments not ſufficiently 
accurate for the purpoſe. M. de la LAx DR alſo obſerves, that the following 
paſſage was found in the manuſcripts of RouER: Sed de altitudinibus non perinde 
tertus reddebar, tam ob refractionum varietatem quam ob aliam non dum liquido per- 


ſpectam cauſam; ſcilicet per hos duos aunos, quemadmodum et alias, expertus ſum eſſe 


quandam in declinationibus varietatem que nec refrationibus nec parallaxibus tribui 
poteſt, fine dubio ad wacillationem aliquam poli 'terreftris referendam, eujus me veri- 
fimilem dare poſſe theoriam, obſervationibus munitam, ſpero. Notwithſtanding how- 
ever the nutation of the earth's axis had been ſo long ſuſpected, the diſcovery 


of the cauſe and quantity thereof was referved for Dr. BRA DLET. We proceed 


FIG. 


224. 


now to confider, how all this agrees with the conclufions deduced from the 


Grp of gravity. 
1030. The effect (856) of the body at $ upon a niet at E varies as hy 


cube of the apparent diameter of & ſeen from T and the denſity of $ conjointly; 


therefore as the apparent diameters of the ſun and moon ſeen from the earth 
may be conſidered as equal, the effects of the ſun and moon upon a particle E 
of the earth, given in poſition, will be as their denfities.. Hence, if : 1 :: 


<veakty of the moon: denſity of the ſun, and 4 the whole preceſſion gene- 
rated 


AND THE ET SAFE or THE EARTH'S AXIS. 


rated by the ſun in one year, 4 would repreſent the mean preceſſion by the 


moon in the ſame time, if it's orbit had the ſame inclination to the equator as 


the ecliptic has. But this is not the caſe. To find therefore the effect pro- 
duced by the moon, let FFNeE repreſent the orbit of the moon interſecting 
the ecliptic yp CL in N, and let ELF be the poſition of the equator when 
the moon paſſed it at F, and aehf when it paſſed it again at e; biſect ꝙ L in 
C, and draw the great circle CrR perpendicular to ꝙ L. Now (1022) the 
. preceſſion, ceteris paribus, varies as the coſine of the angle which the orbit of 
the body makes with the equator; dense, coſ. : coſ. E:: mA: Ax 24 


the mean preceſſion ariſing from the moon in a year; hence, if : the time the 


col. E 
moon is moving in it 8 orbit from F to e, 1 year: :: MA r am 1 % 


«JF 


col, 
Now t to reduce this to the ecliptic, and find the preceſſion during a revolution 


of the moon's node, we ſhall follow and explain the method given by Mr. 
T. S1tmesoN in his Miſcellaneous 7 rafts, it appearing to be as ſimple as the 


nature of the ſubje& will admit of. 
1031. As the inclination of the earth's axis at the end of every half revo- 


* 
lution, on the return of the ſun or moon again to the equator, is (1023) re- 


ſtored to it's former quantity on the reſpective orbits, the angles E, e, F, F are 


equal, and the tliangles DEe, DF are ſimilar and equal in all reſpects; 
therefore DE + De being = DE+DF=a ſemicircle, both DE and De may 
be taken as quadrantal arcs. Now fin. ED (=rad.) : fin. e, or E, :: fin. Ee, 
or Ee, : fin. DE, or eDE=fia. Ex Ee, allo fin. a, or : fin. + D, or 


col. ꝙ E, :: fin. eDE, or eDE, : ſin. a, or ap = 2 = x DE = 


c 
WES x fin. Ex Ee=tmA x 3 cof. * the preceſſion upon 
fin. op ſin. 4 x col. op 

the cdliptic in the time 7. Alſo, fin. r, or rad. : fin. DR, or ꝙ E, :: fin. DE, 


or e DE,: fin. Rr, or Rr=fin. pExeDE=fin. Y Ex fin. E x Ee uA x 


fin. p E „ fin. E x col. E 
_ e png — the correſponding nutation. But fin. E: fin. N 

=; = | 
:: fin, N; fin. + E, hence, fin. Ex fin. E=1in. Y N x fin. N; conſequently 


fi . N 5 
mn. 41 N x fin X col. E g Hence (from the former 


the nutation Rr =?mA x 


coſ. | 
expreſſion for the nutation), the nutation : the correſponding preceſſion :: 
col. 2 : 
fin. : RES S cotan. E. Having determined the preceſſion and nuta- 


tion 


col. E 


col. 2 — — the mean preceſſion Ke cauſed by the moon in reſpect to it' S OWN orbit. h 


Fic, 
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tion for any given poſition of the moon's node, we K next to determine 
the ſame during a revolution of the node. | 


1032. Let Nx, it's fine= , coline =», the ſine of NYE Sa, cofine=6, 
fine of Nc, it's coſine=d, TCL Se, and the time of half a revolution of 
the node=R, and let Y be F to VE. Then, coſ. NY, or », 


: rad. =1 :: cotan. N, or 7, : tan, NVA 55 let this be denoted by I; then 
h 

V 1 +4 

; hence, the ſine of the difference of the two * N "2 and NYE 


the ſecant of the ſame angle = N 1 +h7, it's ſine = , and coſine = 


„and the coline =. T $ Allo, fin wr : ſin. ET:: 


1+ v 1+ 


} | col. N: coſ. Ha Ee 7˙7— ay, and col. NY2 coſ. EYQ 


f :: cot. NY, or 8 cotan. rifle y = ad+bey . becauſe ==, 
| | N andes 8 * E 

| | fin. Y Nx fin. N x cof. E 
But (1031) the fine of nutation for the time t= =tmA * l. VV — 


2A „ ER and the time ; (whilſt the node deſcribes 2) 
:: RT:: : ec, . therefore i= R x —- = 


e 6 "7 1 —x* 
c 
whilſt the node deſcribes 2 is | (writing VI for y) = mAR * 77 


; hence, the nutation 


'bd TI Xl : — 
T.. K AE x FIET A= ac 


V1 3 | 7 5 
is the nutation, or decreaſe of the inclination of the equator to the ecliptic, 
| cauſed by the moon, for the time the node has moved from. Y to M. Next, 

þ with regard to the correſponding preceſſion, the increaſe thereof being (10 31) 
= ol Proportion to the decrement of nutation as , ths cotangent of YE to the 


fine of NVE, or as ad+bey _ ad+bc Vi- 


. 5 a, therefore the fluxion 


— 


f ꝓ— a bd 2 . ; 
of the preceſſion =WAR x 7 7 Pp” —= +6 — 4 edi abc V A 


3 N 1 * * | CE 
whoſe fluent m AR X zie abdÆ ,x - ab®z—FabOxy/ & 


is the true preceſſion. 


1033. Hence, 


\ 
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1033. Hence, at the end of half a revolution of the node, or when it ar- 


2cd 
rives at Libra L. Xx o, and 2 es therefore the nutation = =MAR x IF, and 


the preceſſion = ARK T1 205 becauſe *+4d*=1. Hence, the whole quan- 

rity of nutation during half a revolution of the node from Y : the correſponding 
2cd 

quantity of preceffio es Wo —2 © :: 10 : 174 very nearly. 

1034. Hence, the mean preceſſion of the equinox from the action of the 
moon is to what it would be if the moon's orbit coincided with the ecliptic as 
1—Zc* : 1. But if the, moon's orbit coincided with the ecliptic, the 
effect of the moon would (1030) be to that of the ſun in the ratio of their 
denſities, therefore the mean preceſſion of the moon: that from the fun, in a 
compound ratio of 1-2 ;*=0;988 : 1, and of the denſity of the moon: the 
denſity of the ſun ; conſequently the denſity of the moon: the denſity of the 
ſun :: preceſſion from the moon : preceſſion from the ſun x 0,988. 


103 5. As the preceſſion 1 in half a revolution of the node AR x 42 — 1 c, 


we have, e: 2 :: mAR x A Ic Rx e 1c we mean preceſſion 


whilft the node moves over the arc 25 which ſubtracted from the true pre- 


1 om 


I 
ceſſion which we found in Article 1032, we get mAR x 2 —@& x c dæ 


for the equation of the equinoxes, neglecting — Tabe'x Vl x as never amount- 
ing to 4“. Hence, the equation, when the node has made one fourth of a 


1 
revolution, will be mAR * 79 Sas „cd, which is to e greateſt nutation 


mAR «24 during half a revolution of the node, as # — a* : 2ab, or as 1: 


2ab | | 5 
5 that IS, as radius : the tangent of double the inclination of the 


equator to the ecliptic, 


'$, 


1036. As c 1s but very ſmall, we may neglect the laſt term in the expreſſion 
for the nutation, as well as in the equation of preceſſion, without any conſi- 


cd — 
adage error ; n the nutation becomes MAR x — x 1 — 77 1 K*, which 
"H 


| varies as 1 nh 1 - * the verſed ; ok of the nodes? true longitude ; and the 


* 1 * 
equation of preceſſion AR x 4 PS x cdx varies as u the fine of the 


\ node's true longitude. 


1037. If 
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55 if the annual preceſſion ariſing from the ſun be taken 21“. 6” as in 
Art. ro22. and the whole 1 N 50”, then the part ariſing from the action 
of the moon will be nth * ; hence (10300. the denſity of the moon: denſity 
of the ſun :: 28”. 54”: 21”. 6” x 0,988 20“. 8”, which ratio docs not agree. 
either with the proportion deduced from, the tides, or with the accurate obſer- 
vations of Dr. BRADLEY. The beſt method of ſetding this Point, is from 


the greateſt nutation, 


1038. The nutation, during half a revolution. of the moon's ode "Rk 


Aries, Dr. MASKELYNE fixed at 19”,1, and which we ſhall here aſſume 19; 


hence (1033), 10 : 174 1: 197 1 HARE LY the preceſſion from the moon 


during that time, which we may take equal 9,31 years; hence, the mean pre- 


33 therefore if we take the 
10 x 9,310 


ceſſion from the moon in one year = 


ow Preceff on in a year t to be 50x”, we have 504” — 10 N 95 31 


2 37 - go] — 174) « 19” for the part of the. preceſhon ariſing from the 
ſun. Hence (1934) the denf ity of the = pl the denſity of the ſun $1 
174X 19” : 10x 9,31 x 507 — 174 19“ x 0,988 :: 2,44: 1. The part 
therefore of the preceſhion ariſing from the action of the moon = 35”. 39“, and 
that of the ſun= 14”, 36"; and the greateſt equation (103 5) of the preceſſion 
ariſing from the moon 17,7. 

1039. The equation of the preceſſion ( 1036) varies as x the ſine of the 
node's, diſtance from Y meaſured contrary to the order of the ſigns; 1 
if LS the longitude of the node, fin. x= ſin. L; therefore rad. : — ff 1. L:: 


1% : the equation of preceſſion iu. L x 17077 ; hence, the equation is to be 


fubtrafted from the mean nate when L is Jeſs than fix ſigns, and added, 


when greater, 
1040. As (1036) the decreaſe of the inclination of the equator to the 


ecliptic, from the time the node coincides with Y, is as the verſed fine of the 
node's diſtance from that point, the inclination . muſt be at it's mean value 
when, the node is in the ſolſtice ;, hence, the difference between the mean and 
true values will be as the difference between the verſed fine and radius, or as 
the cofine of the node's _ 12 Y; therefore to find the nutation at 
any time, ſay, rad. : coſ. X :: : the nutation = = 9” ,5 x cof. 2; which muſt 
be added, when the node is in = aſcending ſigns Y, , X, T, 8, u, but 


fubtrafted, when in the deſcending ſigns, &, &, m, , m, , to get the true 


obliquity of the equator to the ecliptie; hence, lie equation of the obliquity of the 
en — 9”,5 x Col. ⁊. 
The 
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ON THE PRECESSION OF THE EQUINOXES, 


Ex. Let the diſtance of the aſcending node of the moon from the firſt point 
of Aries be 4. 18*. 40'; to find the equations of the preceſſion and obliquity. 


The equation of the preceition for 4*. 15% is —12”,5, and for 4*. 20% it is 
— 11”,4; hence, 5* : 3*. 4o' :: 1,1: o“, 8, which taken from — 12”,5 leaves 
— 11”,7 the equation of preceſſion. Alſo, the equation of the obliquity for 45. 1 5 
1s 6% 7, and for 4” 200 it is — 7 3; hence, 5* : 3*. 400 :: 0,6 : 0%, which. 
added to — 6% 3 gives - , i the equation of the obliquity. Theſe equations, 
with thoſe arifing from the ſun (1024, 1025), applied to the mean preceſſion and 
obliquity, give the true, ſo far as regards the diſplacement of the equator. 


1041. The nation. ariſing from the moon, and, the equation of the preceſſion, 
may be both together repreſented thus. Let P be the mean place of 
the pole of ny equator , E the pole of the ecliptic p7; in EPs take 
PA=PB=9/",5 half the greateſt nutation, and deſcribe the circle DAG, _ 
draw DPG perpendicular to 4B, and take PC: PD :: coſ. 2EP :cof. EP: 
6828 : 9173; deſcribe the ellipſe BCA F, and the true place of the pole of | 
the equator will always be found in the circumference of this ellipſe; and make 
APS the diſtance of the moon's aſcending node from Y, draw SpR perpen- 
dicular to AB, and P is the true place of the pole. For * the great circles 
EC, EpT; then it is manifeſt, that EA and EB will be the greateſt and leaſt 
diſtances of the two poles, AB being = 195 the greateſt nutation; and rad. : 


coſ. APS, or eoſ. y, :: PS =, 5: PRS YO“, 5 x coſ. 2 = (1040) the nutation, 


therefore ER, or Ep very nearly, is the true diſtance of the poles. Alſo, by 
Conſtruction, CP: AB :: 4 coſ. 2E P: col. EP :: BY ; and by Spherics, 


fin. PEC : fin. PC, or (on account of their ſmallneſs) PE C: PC, :: rad. : fin. 
EC, or EP, or a; hence, by compounding theſe two proportions, PEC : AB 


: = 4b :: =: 2 ab, which proportion to find PEC. is the ſame as: 


9 * 


that in Art. 1035. to determine the greateſt difference of the true and mean 
longitude, conſequently PE C repreſents that difference. Hence it follows, that 
the angle REp will expreſs the difference of the mean and true longitudes, at 
the given poſition of the node; for rad. : fin. APS:: PD: RS:: PC: Rp :: 
the angle PEC.: REp, as it ought to be by Art. 1036, As therefore Ep is. 
the true diſtance of the poles, and REp exprefles the Saas between the 
mean and true longitudes, p muſt be the true place of the pole. Now as the 
mclination of the equator to the echptic decreaſes from the time the-aſcending 
node of the moon's. orbit leaves Aries till it gets back to Libra; therefore the 
pole of the equator during that time has moved from A to B; and as the equa- 


tion of the preceſſion for that time is to be added to the mean preceſſion by 
Art.. 


* 


* 


AND THE NUTATION OF THE EARTH'S AXIS. 


Art. 1039. it makes the true preceſſion greater than the mean, and therefore 
the true place of the pole muſt have been behind the mean place, conſequently 
the pole has moved from A in the direction ACB. This matter therefore may 
be ſimply explained thus. If the preceſſion were uniform, and there was no 
nutation, then the true place of the pole P would (1021) deſcribe a circle about 
E contrary to the order of the ſigns, with an angular velocity equal to that of 
the preceſſion ; but the preceſſion is not uniform, and there is alſo a nutation, 
in confequence of which, the true motion of the pole of the equator is in the 
ellipſe ACBF, whilſt the center P is carried about E as above-mentioned. 
The motion of the pole in the ellipſe, therefore, takes into conſideration the 
effect of the equation of preceſſion and the nutation. | 
1042. Let s be the place of a er, Y/ the equator to the mean pole P, 

5 the equator to the true pole p; draw the great circles Psma, psnbd, 
and let Vc be perpendicular to Y'W and pr to Ps. Put v= APp, z= APS, 
r= APs, d = the declination of the ſtar, a = it's right aſcenſion; then 
sPp=r—v; allo, by the property of the ellipſe, PD=9",5 : PC=7",07 :: 
RS: Rp :: tan. 2 : tan. v, therefore tan. v =; 55 x tan. z; and PD=g",; 


: . ο— n Rp= 1-3-7 x RS; but rad. =1 : fin. 2 :: FSz9*%5.: 


RS=9",5 x fin. 2; hence, Rp=7",07 x fin. z; alſo coſ. v : rad. =1 :: PR 


5 „ Col. 2 
9",5 x Col. 2 (1040) : 7 Ty - * o- 


1043. The mean right aſcenſion is Ya= Ya, and the true right aſcen- 
ſion is Y'd=V"c+cd=V'c+YV 6b; hence, the variation of the right aſcenſion 


Ve ba gx col. 23%. 28“ — ba= TS x col. 23%. 28“ — ba, Now 


Ts Rp 7,07 x fin. z 

— fin. 23% 28' fin. 235. 28 : 
x cot. 23% 28'=16",29 x fin. 3. Allo, fin. Pp: fin. 5p :: fin. Pep: ſin. Pp, 
and as Psp and Pp are very ſmall, we may put the quantities themſelves 


— 


hence, 7 x col. 23%. 28'= 7707 x fin. ⁊ 


fin. r- v 


for their fines ; hence, Ppx- 7-55? Wag 


= Ppx fin. r-vx tan. d. Hence, the variation of right 


} 
1 


= Pap = bsa; therefore ab = Pp x 


ſin. T- x col. 5p 
ſin. 5% 


aſcenſion 


The arc ab 1s called the deviation in right aſcenſion, # the deviation in longitude, and Px 
the deviation in north polar diſtance; TV is called the eguation of the equinoxes in longitude, and 
Y'c the equation of the equinoxes in right aſcenſion, 


R 2 
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aſcenſion = 16,29 x fin. 2 Pp x fin, tan. d=16",29 x fin. 2 9,5 x 


col. 2 f 1 | „ eln p 3 
1 — . x fin, x — X x ſin, - vx tan. 
o lin. r—v x tan 16",29 975 * D = 
MW MH col. 2 | Z ou — 8 OY 
29 x fin. Z—9",5 x cel X tan. d x ſin. r x col. v=— ſin. vx col. r=(as 


% 


the tangent v = 5 — L * the tangent z) 16”,29 x fin. 2- the tangent d x 


9 


955 x ſin. r x col. z— 7707 * 8 r x lin. 2 


4,75 * fin. ox 22 575 x fin. 227 
15 „53 x lin, 1 — 72 — Nan 7＋ 2 x tan, d 


+ 16˙% 29 x fin. 2. 


But (in this figure) r= go? -a, therefore r= z= 90* — a== 2 = (lo far as regards 
the angle) a = z— o'; and the ſame is true if a be greater than 90”, and 
7 =@+g0" , Hence, the variation of Right Aſcenſion 


1 


253 x fin. a 2 90% 3% 53 * fin. a + z— go? 


* g90* +4",7 5 x . 77 7 9 xtan. 4 


+ 16",29 x ſin. 2. 


Stan. dx (—8”,28 x fin. 2 2 905 1%22 * fin. 42 — 90˙0 ＋ 1629 x fin. 2. 


For ſouth declination d is negative. 


1044. The variation in  Declination is P- p Pr very nearly, Pp x col. 


TE Oe col. ⁊ col. z _ 
=, x col v x col. r—v=g" S* Ho x Col. r x col. In. 7x fin. 5 


9x col. r x col. 2+9",5 x fin. 7 x col. 2 x tan. v=9",5 x col. r x col. Z 
+7" 07 x fin. 7.x in. 2 


4",75 x coſ. 7 — 2 4 575 x col. +2} 
3",53 x coſ. r—-Z= 3,53 x coſ. r+2 


— — 


net Ff f col; 142 „28 x fin. 2 — 21% 22 x fin. 4 ＋ 2. 


1045. From 
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10645. From theſe expreſſions for the variation in right aſcenſion and 
declination, I have calculated the following Tables for more readily finding | | 
thoſe quantities, They have been computed by M. LAMBERT, upon ſup- 
poſition that the nutation was 18“; but a more correct value being 19” | 
(1028), I have here calculated the Tables for that quantity. : | 
[ | 
a 
TS | 
| 45 
» ! | 
= 
TABLE 
| 5 
1 * 1 
= 
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TABLE I. | TABLE Il. TABLE III. 
f - Signs. f Signs. | Signs. 
18]. vi. II vii. II vi O. vi. II. vat. In. van. o. vi. I. vin. fu. vnn. 
JJ EDT SS = 14> SiS 71> 7 
| © ooo 4,1 4 777 7 of; oo 0,61 1”,06 o”, oo oh 4 1 7 1 
] 1] o, 14 | 4, 26 | 7, 24 || 0,02 | 0, 63 | 1, 07 o, 28 | 8, 39 | 14, 25 
2] ©, 29 | 4,39 | 7,31-|| 0,04 | 0,65 | 1,08 | 0,57 | 8,63 | 14, 35 
3] 0,43 | 4,51 | 7, 38 || 0,06 | 0, 66 | 1,09 || 0,85 8, 87 | 14, 51 
| 4] o, 58 | 4,63 | 7,44 [o, oo | 0,68 | 1,10 I, 14 | 9, 11 | 14, 04 
| 5| 0,72 4. 75 | 7. 50 || 9,12 | 0,70 1, 11 | 1,42 | 9, 34 | 14> 76 
12 | | 
6] o, 86 | 4,87 | 7,56 || 0,13 | 0,72 | 1,11 | 1,70 | 9, 58 | 14,88 
| 7] 1, 01 | 4,98 | 7, 62 [, 15 » 74 | 1, 12 I, 99 9, 80 | 15, oo 
1] 8] 1, 15 | 5,10 | 7, 68 | o, 17 | ©, 75 | 1,13 || 2,27 | 10, 03 | 15, 10 
9 1,30 | 5,21 | 7,73 || ©, 19 | 0,77 | 1,14 | 2, 55 | 10,25 | 15, 21 
to] 1, 44 | 5, 32 | 7, 78 O, 21 o, 78 | 1,15 2, 83 | 10, 47 | 15> 31 
110 1, 58 [ 5,43 5, 83 [o, 23 o, 80 | 1,15 3, 11 | 10, 69 15, 40 
[12] 1, 72 | 5, 54 | 7» 87 [o, 25 | 0,82 | 1,16 | 3, 39 10, 9015, 49 
r3] 1,86 | 5, 65 | 7,92 || 9,27 | 0,83 | 1,17 | 3,66 | 11,11 | 15, 58 
14] 2, 00 | 5,75 | 7,96 || 0,30 | 0, 85 | 1,17 || 3,94 | 11, 32 | 15> 66 
15 2,14 | 5, 85 | 8, 00 o, 32 [o, 86 1 4. 22 11, 62 15. 73 
16 2, 28 5, 96 | 8, 03 | O, 34 | ©, 88 I, 18 a, 49 | I1, 72 | 15, 81 
[17] 2,42 | 6,06 | 8, 07 o, 36 | 0, 89 |- 1, 19 4, 76 | 11, 91 | 15, 87 
18] 2, 56 | 6, 15 | 8, 10 o, 38 | ©,91 | 1,19 6, O3 | 12,11 | 15, 93 
19] 2, 70 | 6,24 | 8,13 || 0,40 | 0,92 | 1,20 | 5,30 | 12,29 | 15,99 
200 2, 83 | 6, 34 | 8,15 || 9,42 | 0,93 | 1,20 || 5, 57 | 12, 48 | 16, 04 
21] 2, 97 6,43 | 8, 16 44.1 GG 04-1 34.39 5, 84 12, 66 16, o 
22] 3, 10 |. 6, 52 | 8, 20 o, 46 , 96 I, 21 6, 10 12, 84 | 16, 13 
123] 3» 23 6, 61 8,-22 o, 48 |: 0,97 | t, 21 {| 6, 30 | 13, 01 16, 17 
24 3,37 | 6,70 | 8,23 || 9,50 | 0,99 | 1,21 6, 63 | 13, 18 | 16, 20 
[25] 3, 50 6, 78 | 8, 25 , 52 | 1,00 | 1, 22 6, 88 | 13, 3416, 23 
260 3, 63 | 6,86 | 8,26 || ©, 53 | 1,o1 | 1,22-|| 7, 14 | 13, 5016, 25 
27] 3, 76 | 6,94 | 8,27 || 0,55 | 1,02 | 1,22 || 7,40 | 13, 66 | 16, 27 
28| 3, 89 | 7, 02 „27 „ „ , 03 1,2 7, 65 | 13, 81 | 16, 28 
29 4,01 | 7,10 | 8,28 | 0, 59 | 1,05 | 1,22 || 7,90 | 13,96 | 16,29. 
30| 4, 14 | 7, 17 | 8,286 o, 61 „ 8, 14 j t4,-11 1 16, 29 
V. XI, IV. X. III. IX. V. XI. | IV. X. III. IX. V. XI. IV. X. III. IX. 
V0 œœu . 3 Fo F 
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AND THE NUTATION OF THE EARTH'S AXIS. 


Ex. On January 1, 1790, the right aſcenſion of « Lyræ was 9*. 5. 2, 
and it's declination was 38%. 35”. 44”;. to find it's nutation. 


* 


The longitude of the moon's aſcending node was 77. 169. 36; hence, 


a=9'. 7e. 27 
2 . 10, „„ „ „ i 


G=Z=1. 20. 51. 4 6, 42 Tab. I. 
a+2=4. 24. 3. . . 1 o, 72 Tab. II. 


Nutation in Declination = + 7, 14 


42 2 9 = 10. 20% 51. — 5, 23 Tab. I. 
a+2z—9g0%=1*., 24%. 3. . . o, 99 Tab. II. 


| — 4, 24 
Tan. dec. = ,798 


— 3,38 Product. 
+ 11,04 


14 


Nutation in Right Aſcen..= + 8,26 


When the declination is ſouth, it's tangent becomes negative. 


To find the Variation in Right Aſcenſion and Declination of a- Star, from the 
Preceſſion of the Equinoxes. | 


1046. Let YL be the ecliptic, Y9 the equator, 4 it's next poſition at 
the end of any given time, a ſtar, q, Svw two circles of declination to the 
two poſitions of the equator, and Ya perpendicular to r. As we here con- 
fider the effect ariſing only from the regreſſion of the equinoctial points, the 
inclination of the equator to the ecliptic remaining the ſame, we have (1031) 
go; hence (13), rad. = 1: coſ. Yw :: aY (=Yr x ſin. Y): vw = Yr. 
x fin. Y x coſ. Y wv, the variation of declination. 

1047. Hence, we can find the variation of right aſcenſion. - From the vari- 


ation of the right angled ſpherical triangle Qs, whoſe fide 2s is conſtant, we 
| have 
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ON THE PRECESSION OF THE EQUINOXES, 


: Wb. of | „ ies „ tan. Ws: 
have“ vw x tan. 20 ο x tan. Ar, therefore 'vx= - t. ng = (1046) 


«Tx. F 
1 „ fin. Y x fin. right aſcenſion x tan. dec. 


cot. Vw . 
This 1s one part of the variation of right aſcenſion. But as we now reckon 


from v and not from V, it is manifeſt that there is another part ra which 
is common to all the ſtars; but ra = Yr x coſ. Y; hence, the vari- 
ation of right aſcenſion = Vr x coſ. V- Vr x fin. Y x fin. right aſcen. x tan, 
dec. =prec. in long. x col. 23*. 28 — fin. 235. 28' x fin. right alcen. x tan. dec. 
In the laſt ſix ſigns, the fin. right aſcen. becomes negative; alſo, if the declina- 


tion becomes ſouth, the tang. of declination becomes negative; the ſecond 


term therefore is ſometimes additive, and ſometimes ſubtractive. 


On the preceding theory, Mr. StMPSON has made the following remarks, 
in order to explain certain difficulties and objections that may thence ariſe. 

1048. It may be obſerved, in the firſt place, that we have, all along, con- 
ſidered the effects of the ſun and moon ſeparately ; and, conſequently, have 
ſuppoſed them to be no- ways influenced or diſturbed by each other. This may 
ſeem too bold an aſſumption; eſpecially, as it is known that the tides, which 
are produced by the very ſame forees, depend upon, and are greatly varied by, 


the different poſitions of the two luminaries. 


1049. To remove this objection, let YSM = repreſent the plane of the earth's 
equator, YO it's interſection with the plane of the ecliptic, VS the right 


_ aſcenſion of the fun, YM the right aſcenſion of the moon; and let the forces 


of the two bodies to turn the earth about it's center, in thoſe poſitions, be 
repreſented by f and F reſpectively. 

1050. Thele forces may be conſidered as acting perpendicular to the plane 
of the equator in the points & and M, and will be equivalent to, and have the 
ſame effect with, onè ſingle force, equal to them both, acting in their center 
of gravity N. But, by Mechanics, the force FF, acting at 'N, will (if the 
radius oP be drawn through N ) be equivalent to another force, acting at P, 


= we 
expreſſed bas FrP * H or FEF x GR (fuppoling VA. PR, as alſo SB, 


e io by perjendicatr $9 Y ha => te 
| 10 57 1. But 


= nf Sand s foreſts the fines of the two Mets A, a PE a 100 angled win C and c their 


coſines, T and 7 their tangents, and the hy pothenuſe be. conſtant, then Cc = rad & coſ. byp. a 


conſtant quantity; hence, ieh * Do; but c =5Xa, and 6 S* A; there fore CNN +c 
NA o, and * S NA or x A — the ſigns of the quantities thus d. :duced 


we have omitted above, as we only wanted the values of the quantities. 


"AND THE NUTAT1ION OF THE FARTH'S Axis. 


2051+ But the quantity of preceſſion, during a given moment of time, is known 
(ers to 1021) to be as the force, and as the ſine of the right aſcenſion, con- 
jointly ; from wherice the two quantities ariſing from the ſun and moon, con- 


ſidered ſeparately, are expounded by Fx SB, and Fx MC, reſpectively. But, 


ſuppoſing both ies to act 3 or, which 1 is the ſame, ſuppoſing one 


ſiogle force, expreſſed by & 4 . , to a at P, the quantity of the pre: 


ceſſion will then by the very fame Fule) be * defined by 7 FD 5 ve, PR, 


or it's equal Ar. N; which quantity, by the property of the center of 
gravity,” is known to be equal to F* SB+F x MC. Hence, it is manifeſt 
that; whether the forces of the luminaries be joined together: '6r' treated ne 
tlie reſult will be the fame. Of D eee Srl OAW ein 19% 
1052. The next difficulty relates 10 At ecentrithy of the hinar orbit, and 
the inequality of the motion in that orbit; which may be thought ſufficient to 


occaſion a ſenſible deviation from roles fours on a 1 rac od bod pays no 


regard to them. 125409771 -'? J 2 

1053. In order to clear up this point allo, mage ADBE” to be an Mice: 
in which the moon is ſuppoſed to revolve, about the center of the carth placed 
in the lower focus F of the ellipſe; let AB be the tranſverſe axis of the ellipſe, 
perpendicular to which, throngh F, draw the ordinate IE; moreover, let there 
be drawn any two other lines DE; de, nog the focus Fi to e very 


frmall (given) angle DF4 with each other. 


1054. The perturbating force of the moon, at the diſtance DF vil (8 56) 


be inverſely as the cube of that diſtance; and the time of deſcribing the given 


angle DFd will * be direfly as the ſquare of the ſame diſtance, © There- 
fore; by compofition,. the quantity of the moon's action, during the time 
6f deſcribing, this angle, will be in the ſimple ratio of the ſaid diſtance, inverſely. 
Hence, it appekirs chat the ſum of the forces employed, during the times of 


5 0 „ Ty 1; q q 1 C . * 


deſeribing 15 oppoſite. angles Da. EFe, will be truly defined by: 5 + By 


FE+FD 
1055. Upon AB let fall the perpendiculars DN and EM; to ſhall FE - FH 
: FI (FH)-FD:: FM: FN (by the. Property of the ellipſe):: FE : FD by 
ſimilar ne 4 conſequently BE * D F * N dari FHx FE-FDx FE, 
or 


or it's equal 


« - * l 
6 2 $ & 
— — 


9 For the angle DFd being given, the area DFd v varies as DF&4F, or as DF*; therefore 


(o) the time of deſcribing the angle varies as DF*. 


Nor! II. 8 
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or 2 FE x FD = FH x FE FE+FD : ' therefore, as it appears from hence that 


FEED? the meaſure of che aid forces, i is, every where, equal to the con- 


j 1 # 


ſtant quantity | F LEY it is 2 that the excentricity of the orbit and the 


poſition of the apogee have no effect on the motion of the earth's axis. 
1056. An objection may, perhaps, ariſe, with regard to the addition of the 


forces employed by the moon in oppoſite parts of it's orbit ; which ſtep may 


be looked upon as arbitrary; but the reaſon upon which it is founded will be 
clear, by conſidering that the moon's inclination: to the plane of the equator, 
in oppoſite points of it's orbit, is always the fame; and that, therefore, the al 
ſame effect in the alteration of the poſition of the equator will be produce 

whether the whole force employed during the deſcription of the correſponding 
oppoſite angles, be equally, or unequally, divided, with reſpect to the faid 
angles; ſince the ſaid force acts with the ſame advantage, far unter the ſame 


circumſtance of declination, in both caſes. | 
1057. Another difficulty, that may ariſe, is in . to our haven made 


the effect of the-ſun's force to be about one third part leſs than the quantity 


reſulting from calculations founded on hydroftatical principles and the hypo- 
theſis of an uniform denſity. of all the parts of the earth. But, that the phe- 
nomenon cannot be truly accounted for, upon this hypotheſi s, appears from the 
concurrence of all experiments in general : for, whether we regard the menſu- 
ration of the degrees of the earth, the accurate obſervations of Dr. BRADLEY, 
or the proportions, and times of the tides, the caſe is the ſame, , and requires a 
mach leſs effect from the action of the ſun than reſults from, or can conſiſt 


with, the ſaid hypotheſis. 
1058. But if the denſity of the earth, inſtead of being eee is ſuppoſed 


to increaſe from the ſurface to the center (as there is the greateſt reaſon to 


imagine it does), then the phenomenon may be eaſily made to quadrate with he 
principles of gravitation ; and that according to innumerable ſuppoſitions, re- 
en the law whereby the denſity * be conceived to increaſe. 
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C HAP. XXXV. 


o THE DENSITIES, QUANTITIES OF MATTER, LIGHF AND HEAT 
of THE PLANETS. 


Art. 1059. 1 meaſure the quantity of matter in diſtant bodies, appears, 

at firſt ſight, to be a problem of inſuperable difficulty, and 
ſuch it was before the diſcovery of the laws of gravitation; but thoſe principles 
led Sir I. NEwToN to a very eaſy ſolution of this important problem, in all 
thoſe planets which have fatellites revolving about them; and in the other 
planets, they alſo furniſh a method by which their quantities of matter may be 
_ aſſigned, to a conſiderable degree of accuracy, by the effects which ſuch planets 
produce upon the others. To underſtand the principle upon which this de- 
termination reſts, we may obſerve, that the effect of attraction at equal diſtances 
will be in proportion to the quantity of matter in dhe attracting body; and 
at different diſtances, as the quantity of matter and the inverſe ſquare of the 
diſtance conjointly. The quantity of matter is alſo in proportion to the mag- 
nitude of the body and it's denſity conjointly. If therefore we know the effects 
of the attraction of different bodies, together with their magnitudes, we can 
find their denſities, and thence their quantities of matter. 


1060 To find their denſities, put 


d the denſity of the central body. 
m it's diameter. 
Sit's quantity of matter. 
P the periodic time of the revolving body. 
D the mean diſtance of the revolving body from it's central body. 
s=the ſine of the angle under which m appears at the diſtance D, to 
radius "a: > 
D3 D 
Then 4 varies as dm?; but (818) P* varies as . which varies as Im? ; 


8 D mM. | | . : I . 
hence, d varies as p But s = 5 hence, d varies as = we will 


therefore aſſume d= : F 
7p. 
8 2 For 
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ON THE DENSITIES” OF THE PLANETS. 


For the Sun. If we take the earth as the revolving body, P=36 5,2 5639 


days, according to M. de la CAiLLs, s = 0,0093155 = fin. 32. 1,5 
the mean apparent diameter of the ſun} hence; \d .. 
9,0093155 x305,25039 


e | | 
GYA THOM FATE A! 1 | TK 83 MIGH 10 


For the Earth. Here we muſt rake the. moon for the revolving body 
therefore P=27,32167 days, according to MAYER, o, o33155 S ſin. 1“. 54, 


the mean angle under which the earth's mean diameter appears at the moon; 


> I, 1 9 1 (] > * 74 4 


hene A = 2 : =: g in [4 
wag ber 1119 S 275215 : Oye: tan % 16 1 
Por Juni. Mr. Po ND obſerved the \preateſ Wiens of it's fourth 

ſatellite to be 8“. 16% and the correſponding diameter of Jupiter to be 

39” *; hence; the aue of the angle under Which the diamèter of Jupiter ap- 
pen at that ſatelnte at that r was hang; ptr 4d alſo, PEI 6568898. e 


131 > 251340 liebe & 03 
according 10 M. Wanensren; 5 hence, de 5985 755 7. 
28“ 3 tiny ; F 4: . 0 1 Ne A: 25 (21 TICTIES 
For 8 According,co, Mr. PouND;: the ;greateſt- elongation: of' it's 
fourth fatellite is 2, 58", and the; correſponding diameter of Saturn =18”;. 


hence, 20510112; ale f ne 20 vg nen Harra; 3 


| FS: * , ” F | «F541 


| 1 F] 8 4 r &, V4 
hence, 4 — — 3.8038. 7 bs Drege 
E +1. -,3 GzFOB N2frX 159454“ e ic ennie 26 | 


e 
J 92 * 


—_ 


For the Georgian. If we take the ſecond. ſatellite, we have, according 
to Dr. HERSCHETL, it's greateſt elongation-= 44 523, and the correſponding 
diameter of the planet = 37, 905 54; hence, 5=0,08 83 me = 13,462 days; 

1.8 1 T' by ef rt: 


- =8,0 1 
o, 883 x : 13,462 149. tut 1 


n 


hence, d = 


1061. Theſe denſities of the Sun, Earth, Jiphret, Saturn and the Wen 
are as 0,2 5226, T, 0;20093, o, 10349 and 0, 21803. The other planets not 
having any ſatellites revolving about them, their Ales cannot be thus 
determined; but 925 may be found, by Wenn the effects which thoſe 

6 : planets 
„ edit did en Sy 6 % wrt b v 50 
® From the times in which the firſt 9 third aelltes are in fs Over cis i body of 8 


Sir I. Næ w rox. _Computes , the, diameter of that planet at it's mean diſtance to be 37% 25, which 
he uſes. But M. de la Gran thinks it is ſafer tä truſt to the diameter directly meaſured by a 


. teleſcope; he accordingly ſuppoſes the diameter to be 39”. Sir I. NewTon reduces the obſerved 


diameter 18” of Saturn to 16”, on account of the irradiation of light (1063). From all the 
obſeryations, we have judged 18” to be the moſt correct value, 
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don THY DENSITIES OF füt BUANETS. 


planets produce upon the other planets. in diſturbing their motion. EuILER, 
however, in his Recherches ſur les Perturbations des Planets, 2 90 that the 
denſities of the Earth, Jupfter, and Lan were very nearly as tlie ſquare roots 


of their mean motions, or inverſely, as d“, : 4 being their mean diſtance from 
the ſun, ſuppoſed that the ſame law might hold for all the. planets, from whence 
he eſtimated, the denſities of Mercury, Venus and Mars. But the denſity of the 
Georgian, thus determined, does by no means agree with that found; from Dc. 
HERSCHEL'S. obſervations. M. de la GRAN GE, in his Theorie des Far. Sec. 
des Planets; in the Hip.-de 1 'Acad. Roy. des Scien. 1782, aſſumes the denſities 
to be inverſely as their diſtances from the ſun, as being the moſt ſimple law, 
and which, by his calculations, anſwers very nearly for the Earth, Jupiter and 


Saturn. He computes the diſturbing forces of all the planets upon that ſup- 


poſition, and from the agreement of the reſults with obſervation, he ſees no 
reaſon for changing his hypotheſis. This gives the denſities of Mercury, 


Venus, the Earth, Mars, Jupiter, Saturn and the Georgian as 2,5833, 1,3825, 


I, 0, 6563, 0, 201 55, 0, 1 1215, and o,o 5207). As however the denſity of the 


Georgian, deduced from it's ſecond ſatellite, by no means agrees with the above - 


law, we may conclude. that that law for the denſities is not generally true ; as 
it cannot be ſuppoſed that Dr. HERSCHEL ſhould have erred ſo much in his 
obſervations. M. de la Lax DE makes the denſity of Venus 1,0379, as beſt 
anſwering to the motion of the ſun's apogee, of the aphelion of the orbit of 


Mercury, and of the nodes of Ne From a diminution of the inclination 
of the equator to the ecliptic of 50“ in 100 years, Dr. Mask ELVNE has: 


determined the denſity of Venus to be 1,024, that of the earth being unity. 


Dr. HERScEL makes the time of the rotation of Mars to be 24,6 56 hours, 


and the ratio of the diameters as 16: 15. Hence (983), the denſity of Mars 
is about 0,07, that of the earth being unity. But from ſome obſervations of 


Dr. MAS&ELYNE upon this planet, he has reaſon to think that the ratio of 
it's diameters is much nearer to a ratio of equality than that given above, which 


renders the denſity, thus deduced, ſubject to great uncertainty. We will there- 
fore aſſume the denſities of the Sun, Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn and the Georgian, as 0,2 5226, 2528 15024, I, o, 6563, 
o, 20093, o, 10349 and © „21805. 


1062. By Art. 1038. the denſity of the moon: : denſity of the ſun as 2,44. 


: 1; and the denſity of the fun, being to that of the earth as 0,252 : 1; it fol- 


lows, that the denſity of the moon: denſity of the earth: : o 6149 : 1. Hence, 
in proportion to the above denſities of the Planets, the moon's denſity would. 


be o, 6149. 


To 


rat 
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ON THE DIAMETERS OF THE SUN AND PLANETS. 


To find the Ratio of the Diameters of the Sun and Planets. 


1063. Dr. HERScREL found the diameter of the Georgian, at it's mean 
diſtance, to be 39554; if therefore it were ſeen at the mean diſtance of the 
earth from the ſun, it would be 74”,52. Mr. Poux found the diameter of 
Saturn, at it's mean diſtance from the earth, to be 18”; and therefore if it were 
ſeen at the mean diſtance of the earth from the ſun, the diameter would be 
171% t. He alſo found the diameter of Jupiter, at it's mean diſtance, to 
be 39”; hence, at the mean diſtance of the earth from the fun, it would be 
202”,82, M. Picary and FLAMsTEAD found the diameter of Mars to be 
30“ when it's diſtance from the earth was o, 38 15, the mean diſtance of the 
earth from the ſun being unity; ; hence, if Mars were ſeen at the earth's mean 
diſtance from the ſun, it's diameter would be 11,4. Dr. HERSCHEL makes 
it 8/94, which is probably the moſt accurate. The apparent diameter of the 
Earth ſeen from the ſun is twice the ſun's horizontal parallax, or 17“, 5 (629). 
In the tranſit of Venus over the ſun in 1761, M. de la LanvDe, from his own 
obſervations, and thoſe of Mr. SxorT, found it's diameter to be 57",8 ; 
hence, the diameter of Venus, ſeen at the mean diſtance of the earth from the 
ſun, would be 16”,7. The diameter of Mercury, meaſured by Dr. BRApLEx 
in 1723, in it's tranſit over the ſun's diſc, with a micrometer to Huyczn's 


| teleſcope of 120 feet long, was found to be 10,”75 ; hence, it's diameter, at 


the mean diſtance of the earth, will be 7/27. M. de la LAN DE, from the 
tranſit in 1753, found it to be 6“ 5; we will therefore take it 5”. The dia- 
meter of the ſun in it's apogee ſeen from the earth is 31“. 29”,2, according to 
Dr. MA$SKELYNE ; according to Mr. SyorT, 31'. 28”; according to M. de 
la LAN DE, 31“. 3o",;; Dr. MAsKXELYNE's is a mean between the other two; 
we will therefore ſtate it at 31'. 29”; and as the difference of the diameters in 
it's apogee and perigee is 1'. 5”, if we add it's half, 32“, 5, to 31“. 29” we have 
32'. 1% 5 for it's mean diameter. Sir I. NEwTon ſuppoſes that there is a 
ſenſible aberration in all teleſcopes, which makes the image of the object in the 
focus of a teleſcope greater than it ought to be. He obſerves, that this aber- 
ration has a leſs ratio to the diameter of Jupiter in long than in ſhort teleſcopes; 
the latter therefore will give the greater diameter. What reduction muſt be 


made from the meaſured diameter by any teleſcope in order to get the real di- 


ameter, it is not eaſy to ſay. M. de la Lanvz thinks you may allow 5“ for a 
ſmall teleſcope not very perfect. This will make the diameter nearly the ſame 
as that uſed by M. Cass1v1 in his Tables, who probably had not a very good 
teleſcope for that purpoſe, On the renner, when a planet appears on the 

ſun, 


tHE QUANTITIES OF MATTER AND WEIGHTS OF BODIES ON THE PLANETS, 143 


ſun, it's diameter, meaſured by a teleſcope, appears leſs than it is, owing to the 
irradiation of the ſun. The diameter of the moon in 1748, meaſured upon 
the diſc of the ſun, appeared 6” leſs than when meaſured off the ſun. Hence, 
the diameters of the Sun, Mercury, Venus, the Earth, Mars, Jupiter, Saturn 


and the Georgian are as 109,8, 0,4, o, 9543, I, 0,5109, 119593» 9-312 and 
„238. 
k 2 We have found the denſities (1060), and (1063) patent diameters 
of all the planets ſeen at the mean diſtance of the earth from the ſun, which 
' muſt repreſent the ratio of their real diameters; and 25 the quantities of matter 
in ſpherical bodies are as the cubes of their diameters and denſities conjointly, 
we find the ratio of the quantities of matter. in the Sun, Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn and the Georgian as 3 3 3928, o, 16536, 
o, 88993, 1, o, 08752, 312, 101, 97762 and 16,837. 
1065. The diameter of the earth is to that of the moon as 11: 3, or as 1: 
o, 2727; therefore the magnitude of the earth : that of the moon :: 1 : 
,02028, or very nearly as 49 : 13 ard their denfices (1062) are as 1: 0, 6149; 
therefore the quantity of matter in the earth : that of the moon :: 1 : 0,1245. 
If we aſſume, with ſome Authors, the denſity of the moon to that of the ſun 
as 2,5 : 1, the quantity of matter in the earth: that in the moon :: 78:1, or 
I : ,0128. Alſo, the gravity of a body upon the earth is to that on the moon 
as 1: 0,1677. a 


To find the relative N. eights of Bodies upon the Surfaces of the Planets. 


1066. The weight of a given body on a planet muſt be in proportion to 
the force with which the planet attracts it, the weight being the effect ariſing 
from that cauſe. Now when the force varies inverſely as the ſquare of the 
diſtance, if a body be at the ſurface of the ſphere, the attraction (837) varies 
as the diameter and denſity conjointly ; conſequently the weights of equal bo- 
dies on the ſurfaces of different planets, vary as the radii and denſities conjointly, 
or as the diameters and denſities. Hence, the weights of equal bodies on the 
ſurfaces of the Sun, Mercury, Venus, the Earth, Mars, Jupiter, Saturn and 
the Georgian are as 27,7, 1,0333, o, 9771, 1, 0,3355, 2,3287, 1,0154 and 

o, 9285; theſe numbers therefore repreſent the forces of gravity upon the ſur- 
faces of theſe reſpective bodies. 


1067. The 
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ON THE LIGHT AND HEAT OF THE PLANETS, 


1067. The Giving Table exhibits the relation of the denſities, diameters, 
quantities of matter, and gravity on the ſurface «> the Re bodies. 


* 


| Planets. { Denſities. | Diameters. Quantities of Matter et) + on Surf, 

Sun 0, 25226 | 109,8 | 333928 | 27> 7. 

| 7 . rome Er ay page” | ar 1 prog D . N W £964 
Mercury | 2, 5833 0,4. , 16536 1,0333 
Re F 2 * JP BER ; . . v1 LESEEL 
Venus 23024 'Þ*: 20,0543 + o, 88999 | ©,9771 
FE YEE . "SUN TI —ä —-—-—-— — — ͤ—— ——— — 

| Earth. 2-331 „ | MC 031871 +5 x | 1 

* — a 4 Wan — > 1 _— —_ — — 

| Mars, . 576563. 5,819 . . 0:08752 | 0.3355 
— — — .: .ę.:FB ——— —-¼—8a s b ge, 
Jupiter | 0,20093 11,59 312,101 2,3287 

D enn een 1 OE — nnd — f ä — 
Saturn 0510349 [ 1 198 4 97 ene, 1,0154 | 
— — — — — . — — ——*r——ůů——ð1ĩ3tꝝ — 
Georgian o, 21803 4,258 At u. 16,83) | 0,9285 
Moon 0,6149 0,2727 0,01245 8 0,1677 


1068. The intenſities of light and heat which the planets receive from the 
ſun, vary inverſely as the ſquares of their diſtances from the ſun. For let L 
be a point from which light or heat diverges, ac a triangle upon which they 
fall; produce La, Lb, Lc to A, B, C, and let AB, BC, AC be reſpectively 
parallel to ab, be, ac; then the triangle @bc is ſimilar to ABC; and the ſame 
quantity: of light or heat (ſuppoſed to proceed in' ſtraight lines) which fall on 
abc, would, if that plane were removed, fall on ABC, and there occupying 
a greater ſpace, the intenſity muſt be ſo much leſs in proportion as the ſpace is 
greater ; hence, the intenfity on abc : the intenſity on ABC :: ABC : abc :: 
AB* : ab* : LB.: L6b*. To apply this to the ſun and tante, we have 
(217) the diſtances of Mercury, Venus, the Earth, Mars, Jupiter, Saturn, 


and the Georgina from the fun as 4, 7, 10, 13, 52, 9% and 190, the inverſe 


(7 DEM 1 o* 105 102 207 10* 61 G8 !;759; 
ſquares of which are as =» , , Ne. ©” and — , or as 
eee 


6, 25, 2,04, 1, o, 44375, o, o3687 5, o, oi 106 and o, 0276 the relative inten- 


ſities of light and heat which the reſpective planets receive from the ſun. 


* 


1069. The 


ON THE APPARENT DIAMETER OF THE SUN AT THE PLANETS, 


1069. The apparent diameter of a body is inverſely as it's diſtance. Aſ- 
ſuming therefore the mean diameter of the ſun = zz“, we have the apparent 


diameter of the Sun at Mercury =? X 32 '=80}; at Venus x 32 245773 


— : 19 | 10 
t Mars = —x 32 = 21,33; at Jupiter= — x 32 6,153; at Saturn 32 


35 37, and at the Georgian 155 „ 3221,64. Hence, the apparent dia- 


meter of the ſun at the Georgian is only about 24 times greater than the appa- 
rent diameter of Jupiter ſeen from the earth at it's mean diſtance. 


The following Table exhibits the relative intenſities of light and heat at the 
different n and the apparent diameter of the ſun ſeen from them. 


Planets. {A 5 none of. Dt 
— the Sun. 
n PR 5 9 bell BY | 
Von | [- 2:0 as £ ESP 
Earth - "AE ESE Ul Is 5 
Mas - 0,44375 27533 1 
Jupiter K ee de 6,15 
Saturn Is 0,01 106 3,37 
Georgian | | : 0,00276 1,64 
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CHAP. XXXVI. 


ON THE MOTION OF THE PLANES OF THE ORBITS OF THE PLANETS, 
FROM THEIR MUTUAL ATTRACTIONS. 


Art. 1070, B* comparing the modern with the ancient obſervations, it 
appears that the latitudes of the fixed ſtars vary, and that the 


mean inclination of the ecliptic to the equator gradually diminiſhes; the former 


can ariſe only from an alteration in the poſition of the ecliptic. M. Gopin, | 
in a Treatiſe on the obliquity of the ecliptic, judged that it's diminution was 


owing to a change. in the ecliptic. He compared the poſition of the nodes of 
Jupiter's orbit, obſerved 241 years before CHRIST, with that obſerved by M. 

de la Hizt; and ſuppoſing the plane of Jupiter's orbit not to be changed, he 
concluded the echptie muſt. , His conjecture, partly true, led him to aſſign 
the true cauſe of the diminution. KEeeLtr and Tycho obſerved that the 
latitude of the ſtars was ſubje& to a change; the former concluded that it was 
owing to a change in the poſition of the ecliptic, and that it aroſe from ſome 


phyſical cauſe ; he ſuſpected that it might ariſe from the rotation of the ſun. 


But after Sir I. NEwToxN had eſtabliſhed the doctrine of univerſal gravitation, 


it was evident that the planets muſt diſturb each other's motions ; the conſe- 
quence of which muſt be, that as their orbits are inclined to the ecliptic, 


they muſt tend to diſturb the motion of the earth in the plane of it's orbit, 
and therefore ſubje& the ecliptic to a change in it's poſition. EvLzs firſt 
computed theſe effects on the earth, and found that they would ſolve the above 
phenomena, and alſo give the variation of the inclination of their orbits, and 
retrograde motion of their nodes. The method here given of inveſtigating 


_ theſe, matters, is ſimilar to that uy which we determined the motion of the 
- moon's nodes. 


1071. Let Nn be the orbit of the body 2 inclined to NA n the plane of 
the orbit of the body P, NS the line of the nodes; draw PAS, and Aa per- 
pendicular to the plane Nu, and AK, aK perpendicular to Nu; then AKa is 
the inclination of the orbit of Q to that of P; produce Sa to v, and draw P 
parallel to Aa, and conſequently perpendicular to the plane Vn; join PQ, 
v9, which latter will lie in the plane Nn, becauſe v is in that plane; and 
draw 2 # perpendicular to. PS, and eto Nu. Put SP=a, Sb, Su x, 
and s=fin, AKa; allo, let 1: M:: quantity of matter in P: that in the ſun S. 

Now 


* / 


ON THE MOTION OF THE PLANES OF THE ORBITS OF THE PLANETS. 


Now if SA repreſent the force of $ towards P, then Aa is that part of the force 
which acts e ee to the plane Nn; and . a=sx AK; but the force 


of S to P varies as Sy and not as S4; hence, SA: — * AK : that part 
of the force of P upon S which acts perpendicularly to the plane of the orbit of 
Q== - « © => LA - x fin. NSA to radius unity. Now any lines mn, 2x parallel 


to Py will be ks to the plane N 9 n. Hence, if Sm, Az repreſent 
the forces of S to P and & to P, then mn, Ax will repreſent that part of each 
* which acts A to the plane Nu. Let therefore S OO 


„then mn will pee — x ſin, NSA; and let alſo 2z repreſent > FE 


we and by ſimilar e 


Po: SP:: mu: Sm: —x fin. NSA : = :: 5x fin. NSA: 1 


H* 


PN: Po :: p. 2K 


© — 


MA 
22 


| Sp Sa 
5, xn. VS: Z = —= pgs ſin. NSA = = x ſin. NSA, 
AG Loo b ; PR TE zal! 
which is that part of the force of P on! 9 which acts perpendicularly to the 
a . 
plane N. Hence, Sx fin, NSA x ——= — = =the difference of 


4 ＋ 5 — 280 
the forces by which $ and Q are drawn from the orbit Nn, or the whole 
force with which Q is drawn from the plane of it's orbit about S. No 


= is the force of & towards S; hence, if Q be an indefinitely ſmall arc, we 


2 * 1 © 7232 
have (as in Art. 927.) 37 8 ſin, NSAx = „22 
( 927.) . 
* I N x fin, NSA _ ____4_ | 
m—_ = * ap © he 5 the velocity generated by the 


force drawing the body & from the plane of it's orbit, the velocity in the orbit 


being 2w; hence, this latter velocity: the former :: 1: 
2 


— 


a | 2 


4 2 4. a 


T 2 1072. Draw 


5x bx Qwwx fin. NSA 
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ON THE MOTION OF THE PLANES OF THE, ORBITS OP 


1072. Draw ww? perpendicular to the plane Nn, and take it to uu as 


3 4 PX — 1, and draw the orbit 
| a* 
* L Fr rr 


N'9ew, and un' will be the cotemporary motion of the nodes. Draw n's 
perpendicular to 22; then : wy? :: ſin. Qs, or Qu, which is W, : us 


wix A , wtx QL 3 wix QL _ 

e and fin. un (5) N 2: rad. 1: 11 n 
N x fin. NSA | 2 a E | 
; 08 24 4 * 


1073. Draw Dd perpendicular to PAS; then Q is the fin. SN 
= ſin. D = NSD =fin. QD x coſ. NSD = fin. NSD x col. S = ſin. 
9SD x fin. NSA = col. NSA x col. WD. Now in a whole revolution of &, 
the laſt terin will be deſtroyed by the oppoſition | of ſigns in the oppoſite qua- 
drants, and therefore to get the mean motion of the nodes in a revolution, we 


may neglect that term; hence, if we ſubſtitute ſin. To x ſin. NSA for QL, 
x Q xx lin. NT" 0 


put 5 =, and x for fin. QS D, we have a1 


2 
by a 1 . * 1 . 
= = = — - But to determine the value of this quantity for a whole 
a* +1—2ax] 4 | 
WY | 
revolution of Q, we muſt expand ; and multiply it by x, and 


"4 +1= 1785 
then take thoſe terms only which contain the even powers of x, for in oppoſite 
quadrants x having a different ſign, the odd powers will deſtroy each other in 


a NO. an by Sir I. N EW TON'S Binomial Theorem, PN 
P3 = C9 + &c. where A, B, C, Sc. repreſent the 


a. term; ge ale to make os expanſion of the above quantity h 


the powers of a muſt ſtand 1 in the denominators ; hence, S4, Q 3 
A a 


2. = 3, u=2; hence, by expanding the above quantity and multiplying 

each term by x, and taking only the even powers of x, we have 1 

Nw x fin. NSA ——— 1e, 3 65 231g 
m x a ** * 24 * 8 a* 0 44 T "$0" "a"; 164 


65 x* 009 x* * * 
+ 24650 — = + 57), But by the principles of plane 


Trigonometry 
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Trigonometry (ſee CrRakELT's Trig.), * =I col. 225 D, $=2 —& col. 


be” of I 8 21 3 TI. 
28D + ; col. 42D, . N18 2 col..2 28D + IX 5 4 * 


16 
6 25D, x* = * 25 col. 2 28D + coſ. 42 SD — - | col, 68D + 


5 col. 89SD, and in a whole revolution of A, the coſines of 2 88D, 4928SD, 
2 


6 2D, 89SD, Sc. Sc. will deſtroy each other by the oppoſition of ſigns in 
the eie quadrants, and therefore to get the mean motion of we in one re- 


penn, we oy neglect thoſe er and ſubſtitute only -, B* 7 1 6 


- ' — 0 741 20 


2 


for x*, xt, = x; hence, by collecting the terms, and — 360® 


18 x ſin. NSA* 175 36 75 
for Vo, we have 1 „„ + 855 644. — . 25 for 


the mean mot ion of the nodes in one revolution of &, the place of P being 


6 
given. Now according to the Swart of the. terms 1, 52 „ 1 f = we 


3 x 360* » fin. NSA 
2 m 


. 
128? 


may aſſume the next term 2 ; hence, we get un'=2 


F+ Tx — + op ELLE + 9, If any further terms ſhould be required, 
T 64a 10244 | 


the _ to which they are obſerved to approach, will enable the computer to 
ſupply them to a very conſiderable degree of accuracy. This is neceſſary, 
when the difference of the diſtances SP, SY is ſmall in reſpect to 
thoſe diſtances. As the fin. VSA - coſ. 2 NSA, if we ſubſtitute this 
quantity for fin. NSA , we may, for the ſame reaſon as above, negle&t 
1 coſ. 2NSA for one deppen of, N; conſequently the mean motion 2 


! will be 3.3% , 8.5 175 4 3675 "I 
of the nodes will be = 1 + — 842 — tv; * 2. This is 


the mean motion of the node of an ke planet upon the orbit '&f A ſuperior, 
from the action of that ſuperior. | 


1074. To: get the motion of the node of a ſuperior planet "TEN the action of an 
inferior, a becomes leſs than B, or leſs than unity, therefore the powers of a muſt 
go in the numerators ; hence, P=1, Q=a*— 24x, and, {oy a ſimilar proceſs, 


„ 3x 360* x g. 154" 172. 36754 * To 
we get un'= "IC N I + — * + $3; "I + 155 + —. This is 


the 


— q —— En — roo Ions 
_ 
* 
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the mean motion of the node of a luperior Hanet upon the orbit of an inferior, 
from the action of that inferior, 


To find how much the nodes of the orbit of Jupiter go back "Pon the orbit 


6 
of Saturn, from the IE farcs of Saturn. Here we have - 80 25958 


a= My hence, in one revolution of Jupiter, an'=113", or at the rate of 


about 9 g in a year. Eur zx makes it 10% 


To find how much the nodes of the orbit of Saturn go | back _ the orbit 
312,101 


333928 
/ 2 55 ; e in one n of Saturn, an = 6 59”, or at the rate of about 


of fupiter, from the diſturbing force of Jupiter Here we have - = 
22” in a year, El ER makes it about „ 


2. te Motion of the Nodes of the Ecliptic upon the Orbits of all 14 Planets, 
from the Altractious of the N Planets. 


To find how much the nodes of the ecliptic go back upon the orbit of the 
Georgian, from the ene force of the Georgian. Here we have - = 


16,837 


333928 
is 3 


a = 19; hence, in a year un 226%); therefore the ſecular motion 


To find how much the nodes of the ecliptic go back woo this orbit of 


Saturn, from the diſturbing force of Saturn. Here we have - = 0 , 
4=9,5; hence, in a year au = 20” 34 therefore the ſecular motion is 34”, 


.EvLER makes it 37", 


To find how much the nodes of the ecliptic go back Von the orbit of 


Fupiter, by the diſturbing torce of Jupiter. Here we have - = TR ' 
a=45/2 ; hence, in a 24101 un 26 933 therefore the ſecular motion is 693”. 


EvL.ERr makes it 695”. 
To 
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To find how much the nodes of the ecliptic go back upon the orbit of 


= 8 | 
Mars, from the attraction of Mars. | Here we have Z — S292 421,53 


333928 
hence, in a year-1#u' = 1 13˙%43 ;-thirefiane the ſecular motion is 22“. 


To find how much 55 Sa if the ecliptic go back upon the orbit of | 


9588993 


1 
Venus, from the diſturbing force of Venus. Here we have 0, * 333928” 4 


4 0, 72; hence, in a year n.5 583 therefore the ſecular motion is 558”. 


EULER makes it 533“. 


To find how much the nodes of the ecliptic go back, by the action of 


Merci y, upon the orbit of Mercury, Here we have OT 333528 
8 LL 333928 


hence, in a year 122 6% therefore the ſecular motion is 100. 


+ 


qa = 38; 


1075. The inclination of the orbit # 2. to | that 4 P will be ſubject to a 
like variation with the inclination of the moon's orbit to the ecliptic; and by 
the very ſame reaſoning it appears, that the mean inclination of the two orbits 
will never vary. It. is therefore unneceſſary to give the inveſtigation, as it 
would only be a repens of what we have already very tally med. 


1076. Let AN, EN be the SES of the two planets, CE the e and 
let us call the planets 4 and B reſpectively; then (1073, 1074) the attrac- 
tion of A upon B will make the nodes of the orbit of B go back upon the 
orbit of A, and the attraction of B upon. A will make the nodes of the orbit of 
A'go back upon the orbit of B; but (1075) the mean inclination of the two 
orbits will remain the ſame. Hence, if NA, NB be the orbits of two planets 
Aand B, moving towards NM, the attraction of B upon A will bring the orbit 
AN into the poſition Av, and the attraction of 4 upon Þ will bring the orbit 
BN into the poſition Bw; ſo that from their mutual attractions, the node will 
be brought to , and the angle at u will be equal to the angle at N. But in 
reſpect to the ecliptic, the nodes of the orbit of 4 in FIG. 235. go backwards, 
and the nodes of the orbit of B go forwards ; but the contrary in F16.' 236. 
Nov it is manifeſt from the figures, that, as the points A and B, about which 
each orbit revolves, are 90 from the node N, the node of the orbit of A will 
be direct or retrograde upon the ecliptic, according as zN is leſs or greater 
than 9oe; and the node of the orbit of B will be direct or retrograde as x is 


greater or leſs than go*. Now, whether 2 VN, xN be greater or leſs than 90®,. 
| | may 


* 
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* 
may be known from the triangle Næz *, where we know the angles x» 
and 2, the inclination, of the two orbits, and xz the diſtance of their 
nodes. Now to determine the motion of the node in any given time, 


we have, by the variation of the triangle 2 VNA (fee CRAKETT's Trig.) 


var. 2 x cot. L£ad 
ſin; 8 : cot. 2N 5 nr, TR Tore 


(as var. 8 Np * 


V ſin. x fin. x2 x cot. 2N 15 | 
Nt — 75 the motion of the node of the 
- in. 2 


otbit AN upon the ecliptic, in the time the node moves through Nv upon 
\ the orbit of B. | R 


fin. x x ſin. 27772 


Ex. Let 4 repreſent Mars, and B Jupiter; then xz= of. 22 the angle 
Nxz=178*. 41, and the angle NE = 1. 51', allo Nv= 14",2 according to M. 
de la LAN DE (found by Art. 107 3); hence, Nz=1 35*. 5, which being greater 
than go*, ſhows that the node of Mars is retrograde upon the ecli tic from ” 


14”,2 x fin. 178%. 41 „ fin. 50. 22“ x cot. 135% 


action of Jupiter; hence, r 3= -—— < 22.0. 
e in e n . 1. 51 


2 7,83 motion of the node! in a year; therefore 137 3“ is the ſecular motion, 
As ne, 5 5% the node of Jupiter 1 is regreſſive, 
972 : OH. ee $73 
1050 The angle at V an V being equal (107 5), the interſeckion A about 
which the orbit moves muſt be go® from Nor v. Hence, as the two orbits AN, 
Av, and BN, Bro, diverge from each other in each direction for 9o* from A and B, 
it is manifeſt, that in each caſe the angle at r is leſs than that at 2, and therefore 
the inclination upon the ecliptic is diminiſhed ; but the angle at s is greater 
than that at x, and therefore the inclination upon the ecliptic is increaſed. 
Hence, by placing the nodes in all their different poſitions, we deduce this 
rule, given by M. de la LAN DE.  Whenever' the node of the orbit if the planet 
which attracts, is forwarder than the node of that which is attrafted, the inclination 
of the orbit of the attracted body to the ecliptic is diminiſhed, if the diſtauce of the nodes 
be leſs than 180®; otherwiſe, it is increaſed. We here mean the ſame node, that 
is, the aſcending or deſcending one. Now if we arrange the planets according 
to the ſituation of their nodes, beginning with that whole node is forwardeſt, 


they will ſtand thus: e Georgian, Jupiter, Venus, Mars, and Mercury. 
| Hence, 


* By ſpherical Trigonometry (CacnoL1, Traits ae Trig. p- 272.) tan. as Næ — Nx = tan. | 
1. 2 * — „ tan, 4. Mf Ns = un. T. % x L.: 


— 2 


fin. . Nxz + Nzx | col. +. Nxz + Nzx 
hence, finding half the ſum a difference of Nx, Nx, we get Nz and Nx. Thus we at once 
determine, whether the node of each is progreſſive or regreſſive. \ 
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Hence, Saturn diminiſhes the inclination of all the other orbits ; Jupiter in- 
creaſes that of Saturn, and diminiſhes all the reſt; and 5 on. This is upon 


ſuppoſition that the ecliptic is immoveable. TRY 1 
1078. Now to find hom much the inclination of each varies in a given time, 


we may conſider the triangle Nx to vary and become vrx, where the two 
angles x and N remain conſtant; hence, by ſpherical n 
1 5 Trig. ), variat. 4 x c fin. a x X lin. a XZ. 


Ex. The node of Mars goes back upon the orbit of * 14,2 in a year, _ 
alſo the angle Nx E for Jupiter is 15. 197 and the diſtance 2x of their nodes = 
Lg 22/; hence, Jupiter diminiſhes the inclination of the orbit of n by a quan- 


tity = 14”,2 x fin. 1. 19“ x fin. 50% 22'=0",248.in a year, Or 24 8 in 100 years. 


1079. The following Tabl contain the annual movement of the nodes, 
and the ſecular change of th inclinations of the orbit of each planet from the 
attraction of the reſt, according to the theory of M. de la GRAN O E. 


* * 1 8 
— I . r : 


ANNUAL MOTION OF. THE NODES. 


ohh * of Mercury Venus | Mars. Jupiter | Saturn 
Mercury — &,10 + 0,16 — 032 — 31 0⁰ç.7I 
Venus 2 5, 57 |— 7,46. —11, 80 17. 56 2. 8, 06 
Earth '— o, 87 6, 69 — 1,77 |= , oi - o, oo 
Mars {= 0,14|= o, 29 — 0,43 |= o, 39 |- o, 14 
Jupiter — 2,18 |= 5,13]|—11, o|= 6,95 |—12, 28 
Saturn — o, 12 — 0,09|— 0,47 [+ 5, 88|— o, 34 
— nn — — — — — - | 
Total SY, 98 — 19. 50 — 25, 79 | 19, 34 | 20, 93 
Preceſſion 50, 25 30, 25 50, 25 50, 25 50, 5 
4 | Mot.'in long. 41, 27 U 30, 75 5] 24, 46 30, 91 29, 92 
ö | 2 1 n | 1 


, | 2 
The firſt perpendicular line a ce body which attracts, and the firſt 
horizontal line, the body which is attracted. When we ſee, for inſtance, that 
Mars attracts Mars 0“, 43, it is not that Mars at tracts itſelf, but it diſplaces 


Vor. II. | the 
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the ecliptic; and makes the nodes of Mars move = 07,43 upon it. And by 
ſubtracting the regreſſion of the nodes from the preceſſion of the equinoxes, we 
get the motion of the nodes in longitude. In order to adapt the effect of 
Venus in the ſecond horizontal line to what it would be upon our ſuppoſition 
of it's denſity, we muſt diminiſh all * numbers in the ratio of 1 1.95 5 . 


5 15,024. 12 

SECULAR CHANGE OF THE NCLINATIONS. 

py of Mercury Venus Mars 4 Jupiter Saturn 
Mercury Renn ＋ 10 294 — O,, oz BY 05 — 1",10 
rau 4 9,46 o, o 7,795 75 67 |—26, 65 

| Mars 4 % 6 . o, oo — 1, 06 — 1, 25 
| Fupiter ＋ 9, 87 +2, 60 13, 20] 6, oo 3, 89 
Saturn ＋ 1,04 70, 38 — ang — 7, 51 o, oo 
eue 2 45 27,1923, 11 


We muſt diminiſh the ſecond horizontal line as before, in order to adapt it 
to the denſity which we have aſſumed. This ſecular change of inclination takes 
into conſideration the diſplacement of of the ecliptic. 


4 4 4 


—— . i _ « Pn 
. 


——_— 8 
„ 


"5 (7 > , cuz of the Plane of the Felipe 


1086 I- FU the le of ts ecliptic at any given als. B V4 the 
orbit of Venus,  B the equator. Then as the attraction of Venus upon the 
earth cauſes the orbit of the earth to go back upon the orbit of Venus, let 1 
be the next poſiri tion of the ecliptic. Now as the' longitude © A of the node of 
Venus's orbit is about 25 1447, and the angle AV = VB, becauſe (1075) 
the inclination of the two orbits is not altered, we have Ar oe, therefore r 
les backwards beyond ꝙ, conſequently the ecliptic has gone forwards | upon the 
equator from ꝙ to c; and from the motion of the ecliptic, the latitude and 
longitude of the ſtars will be affected. Hence, ſuppoſing the triangle 4 BA 
to ä BV, and the angles B and / to remain conſtant, we have (as in 

* f ; Art. 
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Ax fins B. dn. . Bix cot. 94 
Art. 106.) F. EE 


— 


= (becauſe fi n. B * fin. 


© # a if op A, and . LS 7 
AT x fin. A x col. vA 


e equinoctial points upon the 


fin. ꝙ hs Ft 0 1 2 
equator, from "thi action of ven Now to find” the value of 'this upon the 


ecliptic, draw co perpendicular to + L, and then we ſhall have po = 


AP x — 2 EK A x fin. Ax cot. * * coſ. vp A the pro- 
. 
greſſion of the equinoctial points upon the ecliptic. For:Fupher, Saturn, and 


the Georgian, A lies above three ſigns from « and therefore 7 lies on the other 
fide of Y as in FTE. 238. therefore t and b lie on the other fide of ; con- 
ſequently they cauſe the equinoctial points” to go ii ut; but A being 
leſs than three ſigus for all che other planets, they cauſe the equinoctial points 


to go forwards. 


1081. Now to find the varlation bf the angle by „ we have, (as in Art. 1076. ) 
variat. Z Y = AV fin. B%'ſitt. V-B={becaule: fin; BN fin. YB fin. A% fin. 


* A). AV x ſin. AN fin.” . Now ds FF is go, Vr s cenverging to Ar, 
and therefore the angle Bc/ is leſs than Br A, conſequently Venus diminiſhes 


the obliquity of the ecliptic” And as pr is teſs than go* for all the Planers, 


| they a tend to diminiſh the obliquity of the ecliptic. : When, by the motion 


of the equinoxes and node 4, ꝙ A becomes greater than 180", it's fign becomes 
negative, and the obliquity will be increaſed. Hence, when the longitude 


of. the Alcending node 6f a planes orbit is Tefs than 180" 5 it's 45 imines. the 


obliq uity of the etliptic, but when Seater than 18055 Ni it -Tncyeaſes l it. 
1082. To fir the variation i in latitude of any ſtar's. Draw 5 * perpen- 


* - SS F© 


(V; JI3QH2! 14 21. 0 4 113 A BE LAED 8 3 
. VP 
dicular a and ar $0.74, |: Theo, * r 5 Fn. —,there- 


ſors 6 AV fi A col. 1.4 "46 c: ab Th ro ; OY rw : : col. Av 
- col. Ab, hence, vw= L AF $& fi n. A2 * 8146, the 4 variation of latitude, 8 

1083. To find the vatiation of föngitude. Pioth the variation of che right 
angled: triangle Sri, whoſe"byportze#kuk Ir is conſtant, we find (1047) * = 


lt . ; hence, vx Ax fin. 4x ſin. Ae x tan, lat. = AE hn, 4x 


(fin. of longitude of the ſtar — longitude of the node of the planet's orbit) 
tan. of the ſtar's latitude.” This is one part of the variation; but as the 'ecltpric 
has moved upon the equator from toe, the longitude o- Alt the frarswill*be 


alſo altered by + A ſin. AN cot. op x coſ. & A." Hence, the Hole da- 


riation in longitude = AV x ſin. A x fin. x— -4 x tan. lat. AP x ſin. A x cot. 


PX « Col. 4 where regard muſt be had to the ſigns of fin. Y x — YA, tan, 
1 U 2 | lat. 
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lat. and coſ. VA, the laſt of which changes for Jupiter, Saturn and the Georgian, 
becauſe for theſe planets, YA is greater than go*. If the ſtar be n near the 
pole of the ecliptic, the expreſſions fail. Hence, if fo + 


. 74 " | N F * 2 — — — ——— 
4 1 Fg . 3 


=the inclination of the planet”: s orbit to the ecliptic, 

108 9 85 obliquity of the eclipti tec, t 

\. L=the longitude of the aſcending node of the Paget orbit, 

the longitude of the ſtar, N 

Sit's latitude, 

We then, ile i : io 

2 916912 11 | Di! N 15 

* 4 m 1 Ga I wthe Ae ee of his ohliquic, whit the ſin. L is 

poſttive,. which is the caſes at. preſent, for all the planets. When L becomes 
greater than 180%, the Planet will increaſe the obliquity (1081). 


II. a x. ſin. mx coſ. — ESE mths increaſe of the latitude of a 80 on the north 
ſide of the ecliptic, within 9o* longitude of 4, but the decreaſe for one on the 


Joh ſide. And, 855 contrary, te more than a long ug from A (2 o82). 


— 


* «4 4 


UI. 3 m x cot, 20 x © col. » 0 the 2 of the equinoQial points 


upon the 1 We col. L is wf, 90. 10 een, when. negative 
(1080). 


' 4-37 5 ove { © th # | 
® x 1 3. 1 - 8 


— 


IV. 4 * fin. mx ko; 17 pay! off ian, e part of the variation of the ſtar's 
longitude which belongs to each particular ſtar (1083), where 7 muſt be writ- 
ten negative when the latitude is ſouth. This expreſſion is ſufficient, when we 
only want to compare the variation of the longitudes of two ſtars in reſpect to 
each other. The part (1083) common to all the ſtars is 4 * ſin. m* cot. w 
x col. L, which diminiſies the longitude when coſ. L is pofh tive, and increaſes it 
when negative, and therefore It | muſt. be written, negative to give it it's proper 


effect. Hence, the whole variation in longitude =2 * ſin. N ſin. 7 L xtan. ? 
—@ x ſin, mx cot. 20 x col. L, regard being had to the ſigns of the quantities, 


an. 1-T, tan. 7, col. L; where the longitude will be Ae or dimiuiſied, 
ee as this quantity: is ptive or mylar,” 1 


5 


1064. Theſe expreffions agree * hols i in L Hiſtoire de Acud bs Seiences, 


1764, given by M. Eur ER, who firſt diſcovered and explained the cauſe of 


the eee of the naler of the hie. 


% g # ” c . 
p ' . * 4 ' R = s | * ' 


- 
- 


— 
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108 5. The following Table contains the values of à for the reſpective 
planets, according to our determination; together with the place of the nodes 
of each, their ſecular motions in longitude, and the inclination of their orbits, 


| according to M. de la LAN DE. 


A. 


. Planets. | Node in 1750. | Secular Mot. | Inclination. a= 

* — . — ” —— N . I 8 $6; OT : _ 
Mercury 1. 1 — 20". 43" 1.12. ro fi.9% oof] +10” -þ 
Venus | 2. 14. 26. (ins 1:6. 51. 40 | 3. 23. 35 | 558 
Mars | 1. . 38. 38 | o. ah 4 „ ES: 0 5 
Jupiter Fx 1 55. 32 "hs 59. 30. 1. 18. 56 | 693 
Saturn 3. 21. $5 22 | 0. 55. 30 $24. 40-3 3136 2; 
— — — — — 999 | — — — — : 
Georgian 3. 1 12. 33. 31 8 0. 46. 20 , 


The ſecular motion of the nodes of the Georgian cannot yet be determined 
from obſervation. By 1 M. de la GRAN GE makes it 12”. 30“; but 
M. de la LAxpE makes it 20%. 40” from taking a different ner of matter 


for Venus. 


On the Motion of the E quinoxes from the 4 tiſturbing forces of the Planets upon 
the Earth. TELE 


1086. By Article 1083. III. the motion of the equinoctial | points 


upon the ecliptic in an hundred years at this time is, cot. 23%. 28' x 

(10; ſin. 5* x coſ. 45%. 21 "+580" x1 fin. 3*. 23 5 x Col. 74%. 26'+ 22“ x ſin. 
I*, 51 x col. 47”. 38,5 +693" x ſin. 1“. 19 ous, 97, 55',5+34" x fin 2% 30“ 
x col. 111%, 32'+0”,7 x ſin. 46' x col. 1029. 33') = 17,4, which, being poſitive, 


ſhows that the motion of the equinoxes upon the ecliptic, from this cauſe, 1s 


according to the order of the ſigns, and conſequently by this quantity the lon- 
gitude of all the ſtars will be diminiſhed in 100 years at nis time, independent 
of other cauſes. Hence, if we take the whole ſecular preceſſion to be 
1%. 23'..45”, as the motion of the equinoxes would be 17”,4 progreſſive from 
the planets, the whole regreſſion from the action of the ſun and moon upon 


the earth muſt be 17. 24: %. 
1087. To 
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1087. To find the motion of the equinoxes from tlie ſame caule, for the 
firſt century of this #ra, we have, from the ſecular motion of the modes. the 
W of the node of 9 at that time o'. 240. 33˙= 530%, of Venus 
* ay". 47 58”, of Mars 15. 4*."27'. 18”, of Jupiter '2* 415. . 2, of Saturn 
3*. 5e. 48“. 52”, and taking the node of the Georgian the ſame, we have the 
preceſſion in that century = cot. 237. 36' x 100 x ſin. 7 * e . 54 +338" x 
ſin. 3». 23,5 x col. 59%. 48' +22” x fin. 1. 51 x cof. 34% 27 +693" „ ſin. 1* 19/ 
x col. 81*. 4' +34" x fin. 22. 30' x col. 95% 49'+0",7 x ſin. 46* x coſ. 102% 330 
—47”,-which, being poſitive, ſhows that the motion of the equinoxes, from the. 
attraction of the planets, was then progreſſive, by that quantity. -., 

1088, The preceſſion (1022, 1035) of the equinoxes from the ſun and | 
moon, by diſplacing the equator, varies as the coſine of the 'obliquity of the 
ecliptic, and therefore as the obliquity diminiſhes, the preceſſion increaſes ; 
this will increaſe the preceſſion about 9“ in 1700 years, from this cauſe. 
Therefore in the: firſt 100 years of our era, the preceſhon | of the nnones, 
from the action of the fun and moon, muſt have been 1. 24“, 249 = 
19. 23“ 53%; therefore 1“. 235 53 4 — 47" =1%{29..: 6", the whole regreſſion 
for that time. Hence, 1 23. 45 2 6",4=38", 6 the quantity by which 
the regreſſion is faſter now in 100 years than it was in the firſt 100 years of 
our æra. In conſequence of this, the e keeps decreaſing); and this 
will continue till the place of the nodes of Jupiter and Venus, from which the 


principal cauſe ariſes, be got into ſuch a ſituation, that the difplacements of the 


ecliptic and the equator together produce a retarded preceſſion of the equi- 
noxes. The regreſſion of the equinoCtial points 1s (at the above rate) faſter 
now by. 0,380" in a year than it was at the beginning of our æra; now the ſun 
takes 9” to move over that ſpace; hence, the tropical year is 9* ſhorter now 
than it was about 1700 years ago. The tropical year has therefore decreaſed 
at the mean rate of about _ a ſecoud 1 in 100 years. M. de la Pr Ack makes 
the year ſhorter now by 10”,33 than it was at the time of Hir ARAOCHus, who 
lived” about 19 50 years ago. Theſe concluſibns therefore agree very: well. 
1089. This incicaſe of regreſſion 38”6 in 17 ages, gives 2 27 for every 
100 years, ſuppoſing it to increaſe uniformly; and as it was 1* 23“. 6”,4 in the 
firſt century, by the SEN: of 2 227 we we the po for ey __ 


after; 1 b 
5 Te ek 1 * 5 : | f 1 3 | i 


1 * 
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% : ad * n 4 
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On the Variation of the Obliquity of the Ecliptic 


1090. By Art. 108. I. the whole diminution of the obliquity of the 
ecliptic, at this time, in 100 years is 10” x fin. 45% 21' x fin. 75 + 558” x fin. 
75 26“ x ſin, 3% 23 "5 +22” x ſin. 47®. 38',5 x fin. 1. 51'+693” x ſin. 975 
55 „5 x fin. . 19734 x fin. 111“. 32“ x fin. 25. 300 + 0,7” x ſin, 1020. 33' x 
fin. 46 49 35; this concluſion. agrees very well with obſervations, from which 
it appears that at this time the obliquity diminiſhes at the rate of about 500 in 
100 years. 

1091. Now allowing for the motion of the nodes of the planets, as in Art. 
1086. we have the ſecular diminution for the firf year of our æra = 10” x fin. 
24% 54' x lin. 7 ＋ 558" x ſin. 59% 48' x fin. 3% 23,5 +22” x ſin. 349. 27 x ſin. 
1%. 51 7693“ x ſin. 819. 4 x fin. 1. 19 + 34 x fin. 95%. 49' * fin. 2% 30'+0,7” 
x ſin. 102%. 33' x fin. 460 45% 43, which is 3,92 leſs than in our age. We 
have here ſuppoſed the inclination of the orbits to remain the ſame. 

1092. The motion of the node of the ecliptic upon the orbit of any planet 
: the cotemporary variation of the inclination of the ecliptic, from the attraction 


of that planet (1081) :: AV : AV x fin. Ax ſin. YA i: (becauſe TA : 


verl. fin. VA:: rad.=1 : fin. YA) 7: fin. Ax vert fin. YA; hence, by 
taking the fluents, the motion of the node of the ecliptic upon the orbit of 
the planet : the cotemporary variation of the inclination of the ecliptic from 
the time of coincidence of A and Y:: YA: fin. A x verl. fin. '4, Hence, 
when YA=180*, the ratio becomes : fin. A, c being one fourth of the cir- 
cumference of a circle whoſe radius is unity. Now the ſecular motion of the 
longitude of the node of each planet being known, the time in which YA from 
nothing becomes 180% will be known; hence, the motion AY in that time 
will be known; put that quantity = =d, and we have the whole diminution of 
the obliquity of the ecliptic in the time the aſcending node of a planet” s orbit 


moves from Aries to Libram ** * 4 Whilſt the node moves from Libra 


to Aries the obliquity will be increaſed by the ſame quantity. Now the value 


of d x 2 for Mercury =. 56”; for Venus = 1. 13. 12”; for Mars = 1“ 445 


for Jupiter = 30. 41“, and for Saturn = 3“. 4”; the effect of the Georgian we 
here omit, as it would be extremely ſmall. Hence, if all theſe could con- 
ſpire they would diminiſh the obliquity of the ecliptic 15. 500. 37 7”; but as 


this is not the caſe, the diminution muſt be leſs. The principal effects are 
produced 
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. expreſſion may be rendered more convenient, by ſubſtituting coſ. A x coſ. /+ 


— 
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produced by Venus and Jupiter; now the aſcending node of Venus would have 
coincided with Aries about 8700 years before 1750, and that of Jupiter, 9900 


years before; their effects therefore to Uiminiſh the obliquity do not begin at 


the ſame time; and for about the firſt 1200 years after the coincidence of Ju- 
piter's node with Aries, the effect of Venus tended ta increaſe the inclination ; 


and as the ſecular motion of the nodes of Jupiter is not much greater than 


that of Venus, their effects will conſpire for a very conſiderable part of the time 


in which their nodes are moving from Aries to Libra. Now the whole dimi- 
nution from Venus and Jupiter together is 1*. 43“. 52”; but we cannot fix this 
as the limit of the variation of the equator to the ecliptic, becauſe this calcu- 
lation has been upon ſuppoſition that the inclinations of the orbits of the planets 


to the ecliptic remain the ſame, whereas they are ſubject to a variation. The 
limit of the variation of the obliquity will be greater than that which we have 


here given, becauſe the inclinations of the orbits may be greater than they are 
at preſent. - But a calculation (1078) of the variations of. all the inclinations 
from their mutual attractions, and their maxima and minima, and thence the 
limit of the variation of the obliquity of the ecliptic to the equator, would be 
too long to be here introduced. As the rate of variation of the inclination 
appears now to be nearly uniform, it muſt have arrived at it's maximum ; con- 
ſequently the inclination itſelf is now about it's mean value; and according 
to M. de la Grance, the inclination of the ecliptic to the equator will never 
vary more than 5*. 23' from the year 1700. {Mem. de Acad. Roy. des Scien. 
1782). It is not true therefore, what ſome Authors have aſſerted, that the 


ecliptic was formerly perpendicular to the equator ; nor what others have aſ- 


ſerted, that the obliquity will continue to be diminiſhed till it coincides with 
the equator ; nor will the ſmall alteration which has taken place from the time 
of the Creation, account for the changes which ſome have * the earth 


has undergone. 


On the Variation of a Star's Latitude and Longitude. 
1093. Put 4, B, C, D, E, F for the longitudes of the aſcending nodes of 
Mercury, Venus, Mars, Jupiter, Saturn and the Georgian; m, u, r, 5, v, w for the 


inclinations of their orbits to the ecliptic, and a, b, c, d, e, f for the reſpective va- 
lues of A; then (1083, II.) the the variation of latitude from the joint effect of all the 


planets 2a x fin. mx col. I- A+ x ſin. 1x coſ. J-B= c x fin. x coſ. 2 
+&d x fin. rx coſ. I- D+ex fin. v x col. I E E +f x fin. wxcol. F But this 


| fin. 


\ 
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Wi A'% fin. 7 for coſ. 7= 2; and making the like ſubſtitution for the other 
coſines; hence, the variation of latitude = (a x fin. m x col. A+ x fin. # x col. 
B+cx ſin. r x cof. C+d x fin. 5x cof. De x fin. vx coſ. E+fx fin. w x 
coſ. F) x coſ. I (a x fin. * fin. A+b x fin. nx fin. Bx fin. 7 x fin. CAA 
x ſin. 5 x fin. De x fin, vx ſin. E+f x ſin. wx fin. F) x fin. J. Now if we 
take the values of theſe quantities as in the Table, we have the variation of 


— for 100 years from 1750 2 , 558 x col. + 49”,349 x fin, J. 


The longitude of Regufus on January 1, 1760, was 4*. 269. 29“. 30“, 
— fine 0,55 2055 col. = = — 0,8838; hence, 7 ",558 x — 0,8828 +49",349 . 
x 0,55205 = 20“, 56, the increaſe of the ſtar $ latitude in 100 Dr the latitude 


of the ſtar being north. : 


1094. If we make the ſame ſabllitution for the part of the variation in 
longitude which is common to every ſtar (1083), we ſhall have it's value 
7,558 x fin. 4 49,349 x col. /x tan. 1. Now (1086) the longitude of all 
the ſtars will be diminiſhed 17,4 from the motion of the equinoctial points, 
independent of the above; 35 hence, the (whole variation in longitude = 
7 7,558 x fin. 2 49 5349 * Col: 7 K tan. 1 — 17,4. This expreffion is for ſtars 
of north latitude ; ; for fouth latitude, tan. ? becomes negative. As the nodes are 7 
not fixed, the values of theſe formulæ will vary, and may be computed at any 
time, by aſſuming the places of the nodes at that time. 


Ex. The longitude of Regulus on 1 1, 1760, was 4*. 26%. 297. 30”, 
whoſe fine o, 5520 f, coſ. = — 0,8838, and latitude Oe. 27. 27“ N. whoſe tan- 


get = ©,007905 3 3 hence, 7 558 X 0,55205 — 40 3349 x — 0,8838 x'0,007985 
— 17",4 =0' 53771 — 17 548 —17˙ 02 3» the ſecular variation of the longitude of 


Regulus. | 


1095. 1f we want only to find how much the difference of the longitudes of T 
two ſtars have varied, we may leave out that part of the variation common to | 1 
all the ſtars, and, only compute the variation belonging to each particular ſtar. 

.- tags... The. variations of the latitudes and longitudes of the ftars thus deter- 
mined, are found to agree very well with obſervations, by comparing the lati- 
tudes and longitudes of the ſtars as given by ProLEMy in his ne wich 
the latitudes and longitudes obſerved at this time. | 


VOI. II. Y | | L. x, 
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Ex. The latitude of the ſtar Ne. 27. of the Great Bear is 54%. 27', and that 
of Ned 10. e is 1 * alſo, 6 


qt 
c\ 


The tonghade in oo, | T3 Long at the time! of Prorkur, 


7 


Of the firſt ſtar | „ if 22%. 340 || Of the firſt ſtar 2 . 29. 50 
Of the ſecond 11. 29. 23 Of the ſecond _. 3 hy 4 | 9M « 


{ 


Diff. of Long. 11 6. 6. 49 | Diff. of Long. 1 . 10 


8 4 * * . 4 : 2 - 
a 1 + id * 1 8 , 
* * 


Rande, the difference of the Watte of cheſe two ſtars has decreaſed 15. 21 
ſince the time of Prol Ex, and this agrees nearly with the above theory, by 
computing the variation of the D of I. ſtar for he above interval of 


time. 


1097. In the confletigicg Awita, at the time of Prol zur the longitude 
of the ſtar Ne. 1. was n 2 5. 36“, and latitude 30 N.; and in 1700 it's lati- 


tude was 30. 49 N. The longitude ol, No. 12. was 1 199. 50%, and latitudes 
8 3o'and 8. 51“ at the above times. The former latitude was therefore 1 in- 


creaſed 19 and the latter 21 which agrees very well with the theory. 


1 


* . 
f 


On 4k Mation of the Orbits of the Satellites of ] . er, from their mutual | 
Attrafions. 


1 


1098. The motion of the nodes of the ſatellites are found in the ſame man- 
ner as thoſe of the primary planets, taking Jupiter for the central body, inſtead 
of the ſun. 

To find the motion of the node of the ſecond fatellite of Jupiter upon the 
orbit of the third, from the attraction of the third. Here = = 0,0000687 


(1073), a=? ; hence, in one revolution of the ſecond ſatellite, the motion of 


it's node = 42 3 86; and conſidering 105 revolutions in a Jeans, it's annual 


motion 1s * 1 


To 


- 


x 
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y \To find-the-motion of the- nodes of the third ſatellite of Ie upon the 


orbit of the ſecond, from the attraction of the ſecond. Here = = = 0,0000241 75 


Sa; hence, in one revolution of the third ſatellite, the motion of it's node 
2 2 55613 3 and ene 51 revolutions in a year, it's annual motion 


is 20%. an 10 1 + 11 
In this manner the motion of the nodes of all the ſatellites upon the orbits 
of each other, from their mutual attractions, may be determined, granting the 
quantity of matter in each to be rightly aſſumed; and then that motion (107 7) 
may be referred to the plane of 185 orbit. . | 
1099. But the nodes have a further motion, ariſing from the diſturbing force 
of the ſun, which may be calculated in the ſame manner as the motion of the 
moon's node has been. But knowing the motion of the moon's nodes, the 
motion of the nodes of the ſatellites may be more eafily found by Art. 8 5); for 
if p the periodic time of the moon, PS that of the ſun, P the periodic 
time of a ſatellite! of Jupiter, and P'=the'tinie of the revolution of Jupiter 
about the fun, M the motion of the nodes of the moon, and m the cotem- 


1 motion of, the nodes of the ſatellite; then 2 F : M: M x 


E. 2 — 2 4 — * 
- 0 * ” vD a 2 8 - - — 9 
4 
57 4. ” 1 1 | 
X ' ah | 
— — y R - ” x U. — * — a — ”w - y b, 1 * * 9 
» — * 0 a 4 — n 1 l ” * — — 0 * 
* R , , 6 . i 
- ? * 1 
6 4 4 . © 


„ 3. a th 2 
- 


- # 4 
1 


The mean annual motion of the moon's nodes = xs \ (938); ao 
5227,32 days, * = 365,256 5 for the ſecond ſatellite of 5 5 3,555 
„3882280 X $555 

4332,0 x 27,32 
annual motion of the node of the ſecond ſatellite of Jupiter upon the plane of 


and P'=4332,6; hence, m 19. * 1 4 the mean 


Jupiter's orbit. Thus we may find the whole motion of the nodes of all the 


ſatellites. 


44 4 * 


1100. The quantities of matter of the ſatellites of Saturn not having been 
determined, we cannot find the motion of their nodes from their mutual at- 
tractions; but we can find their motion ariſing from the diſturbing force of the 
ſun, in the ſame manner as we find the motion of thoſe of Jupiter, 


” 


X 2 5 M. de la Prace, 
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NI. de la Puke, in his Thiorie'.ds "Movement er de In Figure! Eliptique 

5 4 Planetes, hop given | the PROS theorems for the hag e of the 
planets.” "ont e n 
JE (2 25 71 bt 4 7 31d e; 414 tx; © "= 10 14.” 14010. it onto To rad 
1 r0n. hs phi, P wadid: 1 5 another planet p, and let " be the 
n of matter in p, at of the fun being repreſented by unity; ... 


IL 


S the mean diſtance of P. „„ 
1 r=the excentricity.of its orbit z 
1 =the longitude, of ir's aphelion at any given pack + 5 

the longitude of it's aſcending node on a fixed plane at the ſame epoch 3 
. =the inclination of it's orbit upon the fame plane; 


- 5 4 ' 7007 IE 
10 of | 


Y | 1 5 | ; . 2 . 7 þ 2 ' 7 * 5 14 4 a N 7 - 
2 8575 5 1 4 
And let a, ex 4, L, T' and / be the ſame in reſpect to p; and let ==; 
* 4910 Wt 17 * 128 | 5715 Fork | . : Wit / 


1102. Let v be the . of 1 of P fam te given moch. 1 
being negative for any time before the epoch; tjÿen 


The increaſe of the w_ of the center 1s 


— 3-402 HIRE 9. — Te — 4 — 


mxv.x 360 „e 'x fin, T I 7 N 3 


The mean motion of the aphelion according to the order of he ſigns is 


mx vx 360 ( 101. x Cof. L Lxcxi+#=-3bn). 
I „ 
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The diminution of the inclination of the orbit upon the fixed plane 1 is 


wx 9 ' x fin. F . WE; 


The retrograde Gt of the node upon the ed ae is 


Imvx cles 1. K 1 = x col. F F. 3 

YEN TP ON 4 eK & f AEDT 2 , 4 | ; Pp e Sn yer 
If we thus collect the effects of all the planets upon P, the ſum will give the 
whole variation of the elements of the orbit of P. But cheſe formulæ only 


ſerve for a limited time from the given _ 


* 


1103. If » we fix upon the year 1700 for the epoch,. we e ſhall have 


| org x 360" x my” x fin, r. 
= . | ' 

for the Sialirtion of the obliquity of the RE NPY oittuced wah the 1 of » 
upon the earth; v being the number of revolutions of the earth from 1700, 
the inclination of the orbit of the planet p upon the ecliptic, and T' the 
longitude of the aſcending node. The ſum of all the diminutions from all the: 
planets will give the whole diminution. When T!“ is greater than 180, which, 
it is not at preſent for any of the planets, the fin. = becomes e and. 
the obliquity will then be mereaſed by thaf planet. a 

1104. Hence, by collecting the effects of all the Singin if v = the number: 
of years after 1700, the whole diminution. will be the difference between: 
932",50 and 932”, 56 x coſ. $77000v —— 3140",34 x fin. 32 „8412, ſuppoſing 
the variation at this time to be go” in 100 years. For any number of years: 
before 1100, the ſign of the ſecond term muſt be changed. 

110g. In like manner, all the planets together will produce a Precnbon of 
the equinoxes equal, to 50",533530v— 329228 fin. 17",7686v—9315",65 col.. 
32",8412v+9315",65 in v years ger 1700; for any time before, the fign of v- 
becomes negative. The inequality of the preceſſion of the equinoxes changes 
the ſecular motion of the fun in reſpect to the equinoxes; this motion is 46” 
in this age, but it was 45". 23” in the beginning of our æra. Hence, the place 
of the ſun, calculated with the uniform ſecular motion of 46', as in our Tables, 


will require a ſecular equation. And this ſecular motion of the ſun gives, for 


the increaſe of the year by going back from 1700, 36”,114 x fin. 32",8412v 
+ 6”,9039- col. 14",7686v— 6% 9039. Hence, at the time of HiPPARcHUSC 
the year was about 10",33 longer than at this time (1088). 


B 


fied! 
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ON THE EFFECTS PRODUCED ON THE MOTIONS OF THE PLANETS IN 
THE PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 


Art. I 106. ET S be the center of force, PM the orbit of a body deſcribed 
by virtue of two forces, one (f) tending from the body at P 
in the direction PS, and the other (J) acting in a direction Pw perpendicular 
to PS. Let $2 be a line given in poſition; draw PA perpendicular to $9, 
and complete the parallelogram PA SV, and draw Vr, At perpendicular to PS. 
Of the whole force acting on P, let M be that part which acts in the direction 
PA, and m the part acting in the direction PV; alſo, let r=PS, PPA. 
q=PP, i the fluxion of the time, v the angle PS A, x=it's fine, y it's 
coſine; then Mx= that part of the force M which acts in the direction PS, 
and my that part of the force y which acts in the ſame direction; hence, 
Mæ +my=f; alſo, My = that part of the force M which acts in a direction 
parallel to z4, and m that part of the force n which acts in a direction pa- 
rallel to 1; hence, mx—My=F. Now by the principles of motion *, 
= MI, and = —mt*, the fluxion of the time being conſtant, But 


P rx, and q= ry TT; eo pat we have, 


— 


ene | 1 ah Be. 


! =_ . 
: | ' | i= 4 


(4) p= 87 +2909 +196 rev = Me; 
1 j=yFf=rx0, | 

(B) 3 = 2xf0 = re —ry0%= mt"; 

Muay 


If Frepreſent any accelerative force, v the velocity which the body would acquire in 1” by 
that force, 5 the fluxion of the ſpace deſcribed in a given von with that velocity, then if we 
meaſure the velocity v by the ſpace deſcribed uniformly in 1”, we have i”: tn , . 
therefore ff = ; but v varies as FXt; let therefore v =Fxr, and s/==Fre*, : 


— 
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Multiply (4) by y and (B) by x, and ſubtract the latter from the former, and 
we get r a $$5 1 = | 


(C) 27 = Ff. * 


Maliply 04 ) * x and (B) by y and add them together, and we TE 


F=ry'=—t* „Mr -#t*, or 
| (D) ro Ft. | 


From the equations (C) and (O), the curve PM deſcribed by the body 


P may be found. Theſe fluxional equations are the ſame as thoſe deter- 
mined by CLairauvt, EULER and MAYER, in their Treatiſes upon the 


theory of the moon, the integration of which is a problem of great difficulty; 


and as the firſt of theſe Authors has. proceeded in a manner the moſt eaſy to be 
underſtood by the generality of readers, I ſhall here enter into a very full ex- 


planation of all his principles of inveſtigation. 


1107. Let the force F conſiſt of- two parts, one of which = 8 „C being a 


- 


conſtant quantity, and the other =D; or let 4. 2 . then 275 U＋Trü 


Ft*, and 1 7 : :+D x T. Multiply the firſt of theſe ne by 7 


and we get on _—_ 5 = Frt, whoſe fluent (/ being conſtant) is — — Fre, 


a being a conſtant quantity. Multiply this equation by Frt, fe we have Fr*v 


Sari Fri x { Frt;, whoſe fluent is [Fro=aſ Fre+3 / Fre *; multiply 
this by 2, and add @a* to both ſides, and it becomes 4 + 2 / Fr =a* +24 JE Fre 


+ Frf, whoſe {quare root 18 4 +2 { Frb gart. Hence, = = 


a Fra . 3 V Fed 
PP 6 — — "By 
v a 8 Fr, conlequently 7 FAT T2 Fro (if. we put e= 7 | 
FW 
a aVi+ze 


1108, Let 


* Forif y= / Fri, then Fri, therefore 5E Fri * / Fri, and the fluent = 25 = 
1 K. . | 
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* - ® * - . 
. " % 
* N 4 * 
[4 


. 8 5 C . * 
1108. Let us next take the other equation 1 7 +D x t*. Now in 


this equation, 4 is conſtant and * variable; but it is well known, that in a 
fluxional equation 1 the ſecond order, where # is variable and 7 conſtant, that 


if we ſubſtitute — 7 for 55 the equation will be changed into one in which # is 


conſtant and ? variable; if therefore for 7 we ſubſtitute 5 — ya the equation will 


be changed into one in which / and F are both variable. If therefore we ſubſtitute 
C 


ff 
3 1 4 for in the above equation, it becomes rut — #4 F = n D x t, 


in which equation we may aſſume # or F conſtant, as it may be ub conve- 


72 „ 2 
. Bur (1107) 78 , therefore 5 7 * A X 1＋ 20 ar Ve 
1 | {ads RE} 8 ze VIA 
he ce 4 ELIOT - b ſubſtitution th fi = 
en 25 Fg Li y erefore we get 1 oe (Þ pg 
* Dx 15 bY 
2 ; divide both fides by *, a —— 
N e y *, and * Oy 
. De 
„ r * | 
and we 8 oF ——.— . fl 4 
SHE. „ 1+20 © oof” " _ 755 
D,. ie 
t alſo 1+P ABEL... mae d Friv) 
put allo 1+ Pp err = (a e , an therefore L. 
„ 4 Dr Fre 
„ . Dogg 
DET Bm and then ÞP = — 22 — hence, by ſubſtitution 
A flux. > OE a* * 
W * r Or i= 2 855 * * flux. 2 +P=0; 
* 1 = © ab N 5 75 A 8 4 


| . F 
hence, the equation becomes 5+ 5+ P=o. 


. To find the fluent of this N equation += +P =0, ſup- 


poſing P=col. mv, or of +2 13 coſ. m =o. Multiply ir by col. 9 U. 


and 
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* 


col. vx F 


and it becomes. — — Den col. v x col. mv x coſ. vx ;, now the 


A 2. — - : 
a 1 . * * * * * 4 
i 


fluent of the two firſt terms is col UV X, 57 fin. v; alſo, coſ. mv Wo v 


2 
% 


I 
m +I 


. coſ. m +1; vx'V+4 .col. m— 1 1. V b, whoſe fluent is r 


l TTENT 7 5 
x ſin, . v3, but fin; mi - va= fn. mv x «col. U 


'Y . '# 7 4 J 


x fin, 2. T. 5 
- | = 


+ fin,” v col. mv, 2577 fin, 11 v=fin. mv x col. v ſin. Vx col. mv; 


of 4 $2381 97; 
hence, the laſt quantity becomes II 6g. Ga 0+ == x ſin. 


1 3 * 
0 YH” v in. N tel. m 


1 2. 1 — 1 m 1 


v col. my += 


= ET — --\Þ CORES . J 8 
x ſin. mv x coſ. v ſin. v x col. fol the whole Near Wwe be- 


- 


x {4-4 0 5:1} DOSE VAIL 901 le ir e 
comes, col: 9 x% EIN fin 5 22 * Ah. * : col: n x fin. v « 
x Ox by ey o 3547415 Par 27: Ro Tee Fits 206 £ "9: I 
col ugh rw correction. Multiply: the laſt equation 3 == and 
8 5 x fin; vx 8 ; — 15 bie mux V_ #Y 108.2 
it becomes irt F col. 5+ 1 „r ne. be 


wy: 0 + oof. MOIXV e 12 ps i eee EER 
1 25 now the fluent of of the two firſt quantities is 
—FLeoſ⸗ n 10 SIN 5 ii Fine 2177 


S bor if this quantity beepur-into-fluxions- it will be found to give thoſe 


D hi Jig 18640 viral tt it tod Si bo ni! Hoyt >: cn 
terms; alſo, the fluept of the tl < yg next terms iS; 7 KOO = , for if this 


quantity k be put into fluxions it will Bredel thoſe ry, 1 1 191 but this laſt will 


der 


1 
want a correction, becauſe, when 0 o, it becomes = - ;. therefore. that 
„ "A | #. ; 
I I af mv 
part of the fluent correed i is rr er laſtiy, the Rin of 


% Ef _ — FR EE * 2 . 8 Fa NY La: 
ts Avila 56 e331 ort WA 263-21 9v:112 3/75 10 agent” 13 ts 1X 


2101325111 3150 DAC „ 5570} 21% X11 ) 


—. LIES of. v eee 


For theyflyxion af col. „* + exfin, 2 Is f 


It | 141441 ni CA £4 


.col. ov ys . a | 
2 — . . — fin, Y Xs T ſin. vX5 +5 x col. en of xt 


+ 5 x col. N, becauſe 


4 * 
"<= - 1 


Vor. II. F Y 


col. v =— fin. , and fin. v. col, vxy, Here v is ſuppoſed conſtant, as in the laſt Art, 


169 


170 


Ul 
—— — — 9 — 
* 
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1 1 


N q) L 
1 = = * — een — 
L* = =p tan. *; hence, the fluent becomes r, + =: e 


2p N ml vc, — ; evnſequehtly gv fin. ve col. v 


+ = x of," col mtv =b, the two laſt terms of which atoſe 


I 


from . value of P, that is, from introdueing the diſturbing forces D. and F, 
without which, the whole force would have varied inverſely as the ſquare of 
the diſfance of the body from the center of force, and the orbit deſcribed 
would haye been an ellipſe about the center of force in it's focus. Hence, if 
inſtead of aſſuming PS coſ. mb, we aſſume P x coſ. 1 * coſ. nw + &cc. 


a? a” 
— 2 2 — n, — C — 2 
and for s we lagen 1 TG e obtain ige; fin, v- ( — 


55 * 83 3 * 
1 &) x col. „ e cot, mY N 


the equation of the curve deſcribed by t the two forces =+ D and F. the former 


7 * coſ. uu — Kc. So, which is 


tending to the center of force, and the latter (Oy in a direction e 
to the radius vector, upon the above ſuppoſition for the value of P, which 
ſuppoſition is always applicable in the caſe of the planets. | 


1110. It has been proved (868) that if Abe equal to the radius vector froin 
the focus of an ellipſe whoſe ſemi parameter i is equal to p, c equal the diſtance 


of the focus from tlie center divided by the ſemi- axis major, and v equal to 
2 


the true anomaly, then rr 2 s therefore 1 IIe x coſ. v. 


But if we eſtimate the motion of the body from ſome other point B inſtead 
of A, and put the angle BEM=v,' and Ade, then AEM=v—m, 


4 


11 


'H —— , 
and we muſt put 6—m inflead of v; hence, £= 1 4 x col. v — = 1 e 


Col. 5 x Col. In. v x In. =(if if = x col. n, foci m) 1 * x 


coſ. v=k x fin; G. Ir appears therefore, that the part =1—g x fin. v 


col. v of the equation of the curve in the laſt Article, expreſſes an ellipſe, whoſe 


ſerni-parameter i 1 4 deſcribed by the force 8. 


C 3 
expreſſts the alterat ion ariſing, from the E forces D and F. And if 
we 


* tan, v, therefore bow gpm 2 


The ſecond part therefore 


. 
F 1 "Fe "I G = PE ; 
r 4 
- : 
F * * 
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we eſtimate the motion from A, 4 o, or that correction (1109) will be un- 


4 


mne and the A (putting p = c the ſemi-parameter) becomes 


0 


4 wy Ws 6 1 S "7445-20 wel WS +» 
, . * 


G 


"Fg, 3 
x col. v 


2 . * A xe.) x col. 1 


1 1 1 
coſ. uv Kc. — 5 1 ; 


1 —1 


-» 


1111. The equation of the ellipſe which would haye been deſcribed 


4 +1; £ | 
without the diſturbing forces is 5 = 5 — —'x col, v, where c = the excen- : 


U 


rricity cee by the ſemt atis major, and p the ſemi· parameter; and if we 


* e e and = 5 — x col. mv — a x col. 
m — 1 1 11 5 1 1 — 1 
wv — Ke. )=8, the Aab of the orbit deſerived. by P becomes . = = = — 7 
1 
1 1 


* col. v+8, where == 5 . * cl vis the equation of a new ellipſe. 


Hence, the ellipſe which r bade been deſcribed without the diſturbing 
forces is changed into another ellipſe very nearly, the deviation from an ellipſe 
bein only that which ariſes from the ſmall quantity S. The effect therefore 
of 25 diſturbing forces is to alter the excentricity of the ellipſe, to change the 
mean diſtance, and to cauſe a ſmall alteration in this new ellipſe, the dimen- 
fions of which muſt be found from obſervations. 

1112. II at the ſame time that the planet deſcribes the angle + v, the apſide 
deſcribe the angle v mv, then the motion of the planet in reſpect to the 
apſide = mv, and the true anomaly | of the e in fy 8 ellipſe m] 


J * 7. ] „ 


ma the equation of the arable ellipſe 1 is = = 5 — 7 Sa «col. mv. Hence, 
as the apſides of the orbits of the planets are e we muſt aſſume 


33 4 col. mv, when we determine the value of P, 4 being half the 


TF 1 5: 
= parameter, and w=the excentricity divided by the lemi-ax1s major. 
2 1113. Having determined the value of from the general equation of the 
5 c "7 F 
24 curve, we can get the time; or 15 = now += the ſemi- arameter 
7 e F 4 | 
5 and let us ſuppoſe C=1; then the orbit being ſuppoſed to have but a ſmall 
1 excentricity, and the mean diſtance being aſſumed = 1, we may ſuppoſe p=1; 
2X FD —F 
7 hence, 4 1, Therefore 1 TA = =7*V x 1 +20) E=xr*V x1 =e, neg- 


lecting the other terms of the ſeries. 
| Y '* : 1114. By 
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60 ü 0:30/th een 2 
11 . Ke K. the FROPEI of the elliple (i112), 3 apes: MV, or afſuming 


160-1211 9H += "£48 114) 8 Dat * Ito den 
1 


d=1, a 4 — W «cl mY. +8, 85 being t 25 correRtign of - ' ſram the ute ng. 
©» 3 x 


forces (1111), Put 1 - col. =, then | ES TEAS 211 gy 
neglecting the other terms; but 7 f= — & Col. 1 ＋2 w e mv; 
and /=3=1 — wxcol. mo)—1=1 +3 0x0. mv; hehee;r*=1+2wxcof, mv 


hand 


228 - 6298 x-col, mv; ſubſtitute this value of 2? into N 1 , andi we 
obtain = (1 4. 2 x col. mY — 25 — 6708 x col. mw ). d 1 e +20. X 


LIÞt EG eL[_ TH se. 


col. MV X 284 —6wSxcol. mv x e 2e0w, x col. nu x B, neglecting 
thoſe terms where the product of che two ſmall quantities S and e enter. Now 


the two firſt terms are independent of e and &, and therefore we have nothing 


to do with them in our:;preſent enquiry, which is only to find the equations 


ariſing from the diſturbing forces; but the other terms, depending upon e and 
§, ariſe from the diſturbing forces; therefore the required correction ofthe 


fluxion of the time is 2 Sc e V— 270 , 3e coſ. WV N . Now if the 


and. there, had been no. . difturbjng g. force 
we mould have had 5 * — D, A and. t : = v, And the motion being ,unifo 7 
t would have been. the mean. longitude; and 7 being here conſtafft. 1 
_ alſo expreſs the mean. | lon e of the body # Fo Let the refore 
= the fliient of 2 20 x col.. u ariſing from the . form 
V ele 1 
1 the orbit, and 8 = the fluent of e 2% 38 Le fol mu x v 
ariſing from the diſturbing forces; then t=v+&+6, therefore 1—4 B=v; 
that is, to find the true place of the body, firſt correct the mean longitude 4: 
| bend 
the elliptic equation (222), and then ma the fluent of 28 Tex V—2w 
x 38+ex coſ. mv x d with a contrary ſign. © If the orbit be a circle, or if the 
excentricity be very ſmall, for the correction we fh e only the fluent of 
— 2 Se x V with it's fign changed. | bo 


7 | * 


orbit had been a perfect; Circle . force, 


en 


F , " —— 


11 15. The quantities here found a are in terms of che radius ſuppoſed to be 
unity; and as an arc of 57, 29578 is equal to radius, the correction in the 
laſt Article muſt be multiplied by 57%, 29578 in order to reduce it into degrees. 
Alſo, the forces D and F are fractions of the force of the ſun at the diſtance 
unity, or at the mean diſtance of the planet which is diſturbed. 


1116. Let the ſum of the maſſes of the earth E (or the body attracted, and 
fun $ be unity, M=the maſs of the planet P diſturbing the motion of the 


earth; then (861) FIT = the attraction of E to 8, and —-- 55 | =the attraction 
bh 11 of 
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of E to P; complete the parallelogram PSE W, and put z=the angle PSE, | 

. The attraction of E to S >; N. ©; , the attraction of E we Fi: On EPs and the at- 

3 "od; | M 

1 Mx £8 

4 — pi the force of E to Pin the direction ES; and EP: Ys or SP,: 

: SP $5 

. "8 "% 2 the part of the FR of E to P which at in a direction pa- 

| Mx SP NN 

2 rallel to SP; therefore p. 8 —— =the diſturbing 98 of P upon E in 

7 a direction parallel to SP, or EV; and this force, tending, to draw E from S,. 

: muſt be written negative; and reſolving this force into two others, one in the 

85 NM SP 8 

a direction SE and che other perpendicular to it, we have A == — 1 Z —_— 

N M nn 0 I 

A 5 15 * fin. z = the, force, which acts ebe to $ E'; 

z this muſt be tion with a contrary ſign; or +,” when the body nen N 
F is neareſt to the. ſun, becauſe it 2 acts in an e direction; 3 tn 
4 Mx $ p. N 

1 1 „ C =the force which aft in the direQtion ES; 

> FFT 3 

0 Mx ES _ {Ms 8P SP" N | 

R hence, D 5 | 5. e xm 3ie6; Mitating 

1 F EB [ Ep3T SF VB Au n 

E forge” in the direction of the radius. The value of © 5 is 7 Friv, a: being 

i, 1194 148 611 e 1. St 44 Je en th gant n hn ons 6 
4 . 25 C UV __ ei | 4 24 5 
1 unity (1113); alſo, Pf — W N and as e. is a very ſmall quan- > 
£3 ; | A ef J ; 
1 tity, we may aſſume P = 7 + Fg. 20. ; and as we aſſume the ſum of | 
72 the maſſes of the ſun and body attracted = 1 „we have C, and therefore ö 
4 P=Dri+ 2 = 
J F | Hence, = 
0] þ 

_ 


|) 

3 
=. 
j 5. W 
W440; 
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Hence, we have theſe four equations, 


Df: "= 
r EP? gps j x <7: 
H U (9 1.5. Px 8P © bf 
n N EP. - 3p) x lin. 2. £ : 
| Ee = Fri. 
Fry 


 P= Dx? 3 


1117. Let E be at A the higher apſide in conjunction with P at B, and z= 
the angle ESP of elongation, v=ASE, and let the planet P deſcribe a circle, 
and E an ellipſe whoſe center of force is & and the other focus c, and let 1 — x 
be to 1 as the mean motion of the planet P to the mean motion of the earth E, 
or the body attracted; biſect S C in O, and let 40 = 1. As the motion of 


che earth's apogee is very ſmall, we may, for our EM purpoſe, conſider it as 


fixed, and putting »=SO, we have, - = = 5 — 5 x col. v. Now the mean 


motion 1s very nearly (227) about ar point c, and 24 N fin. v= =cd, which 
meaſures the angle ES; hence, ECA x fin. v; therefore v=z : 
v ＋2½ ſin. U: 11: 1, and 2 n 2 IA x ſin. v. If the diſturbing 


planet be inferior, and it's mean motion be to that of the earth as 14: 1, 


then z=1nv+24ux 1 I+2 x fin. v. 


We proceed now to the application of theſe principles. 


On 


ret LY "1 >," "25 
4 * 1 . _ 
r a 
8. h E 


1 "Hy e RS 2 . 
* * 9 4 4 P „ * 8 0 
v2.4 r * Le a» a. "7 _—— . « 
7 F 3 N 5d A” K 4 
® ; 8 V n 


coſ. 22 + 35 Fo 
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On the Equations | of the Earth's Motion produced by the Action of Jupiter. 


1118, Put EP=s, SPS, SE=r, and draw Eu perpendicular to Sp; 


then Su=r x col. x; hence, s=v#* +r*—2br x col, z; put 2br x col. z 


==}, and we have 5 v 6*—1; alſo, 


AA (27 *. x col. 2. 


22 Fred. 


P=De* a. 


— TINS "= FRY 3 4 4A 3513 3157. | 
Nw pa BT 0 16 rag 
ſubſtitute for it's value 2 br x coſ. 2—#*, and for col. 2, co. 23, col, 2˙% &c.. 
put 474 col. 22, 2 coſ. 2 ＋ 4 col. 32, 1 T4 col. 2z+;5 coſ. 42, &c. and we 

oF I gr 225. 5 1 | 
get 53 ” as 1 645 15 (2 + +45) x col. * Tir + Ar) 
"26" x coſ. 32 + 5 5 x coſ. 42 & c. which we might put under 
the general form A B coſ. x ＋ C coſ. 22 ＋ D coſ. 32 T & c. The value of. 


4 being obtained, ſubſtitute it for it's value in the expreſſion for D, and we 
M gr* | 2257* 
get the ſecond part of D (5 — 7 * coſ. — = M x ( 455 + r) 
105 


x col. 2 + (3; + + 45.) x col. ⁊ Xx coſ. 3+ (57 + + = ) x col. 22 * 


coſ. 2 + === 3577 x cof. 32 x col. 2+ 8455 x coſ. 42 x col. ). ſubſtitute for 


845 


col. x x col. 2, coſ. 2 2 x col. 2, col. ZZ x col. 2, and coſ. 4z x col. 2 their 
values, 


* 

N 
1 
1 

FE 
* 

. 

* 
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| A5 M | 4575 r 
values *, and we get "IF" wes ) col. x Mo E- 75 + 457 + 255 + 


329 4 435 Nie) A „ 
* 705 e LS * 64 ) cot 22 + (Ye + fp) x col. 38 + 


cx col. 4x * 3157” x off. DF this we muſt ſubtra& from the aboye 


128 65 


| | ; 3 6 
value of - 5 mültipled by Mr, and we have D = Mx (- 255 — =» oY K 
75 2 «895 105r* ESE. © THEN 

= + 64 155) ns (5 „ 1667 )x eu **-\ a3.7 7207 27) 


3 78 
* co. („b | eee) col 4 25 2 5). 


1119. The value of F is H — 35 x ſin. z, which is equal to the 


above value of Ea * 27 * coſ. 2 multiplied. by —ſin z and divided by 


; pts 97 2257* 5 
col. 2; hence, F. Mx (( oY Gap ü f (Je + 155 x col. ⁊ 


465. 
x ſin. 2 + (A e) x col. 22 x lin, 2 + 1 x col. 32 x ſin. 2 + 


| 65 15 x col. 42 X « firi. 2 n for col. 2 * ſin. z, coſ. 2 2 N Gs 2, col, 


I 8 f 8 


3 B. 2 and coſ. lers, their e and we get P=— Mx 0 ip | 
15 572 ; rr.” : 4 Leg. 
4+ 2 875 ;) x fn 6056 ü) x fn. 2=+( + 25 2957s) x in 32 +357 107 


x fin, 4+ A* * lin. 52). The values of D and F being determined, 


286 


we ſhall "els the value of P; hence, we obtain $ (11 12), and thence (1 I 14) 
the correction required, 


1120. To find the values of the powers of r in terms is v. On account of 

the ſmall excentricity of the earth's orbit, we may neglect all the powers of 2 

above the firſt ; and from the flow motion of the apogee, we may ſuppoſe 
: | | it 


By Trigonometry, coſ. A x coſ. B — 4 Z coſ. 413542 n Let. — B; hence, * Ade — 
4 coſ. 2z; coſ. 2 2 Xx coſ. x = + coſ. 3 2 ＋ £ col. 23; coſ. 3 „coſ. z = + col. 4% +3 col. 23 
and coſ. 42 x col. Z=2 col. 5 Hf col. 3. | 


+ By Trigonometry, col: Ax ſin. B = + fin, A+B— 2 : fi. 7 < ; hence, cof. zxfin, * 2 
4 fin. 22 col. 2 2 X ſin. x = & fin. 1 zz col, 32x fin. z=; fin. 42 — ſin. 2 &, and 
col 4x ſin. z = 2 ſin. rw tiles 


_ quently # x 1 —#= 


0 
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it fixed ; hence (1111), - = - — = col, v is the equation from which we 
muſt deduce r; therefore ; =1+2#x col. v, in which the ſemi-parameter p 


2 


and excentricity u are known from obſervation ; therefore 7 +24 x col. v, 


A =1+34x col. v, &c. and by taking the fluxion of the firſt of theſe, we 


rr | | 
have — = — # x lin. v. | | ; 


*. 


1121. To find the value of fin. 2, fin. 22, col. 2, coſ. 22, in terms of v; 


for, in this caſe, it will not be neceſſary to go any farther in the values of D 


(1118) and F (1119). As z=#v—21ux ſin. 1 ux ſin. v (1117), we have 
by T rigonometry, conſidering the coſine of the laſt term i, and the term 
itſelf=to it's fine on account of it s ſmallneſs, 


ſin. Z=ſin. nv—- uxI-nxln. IX UT ux1-nxX{in 1n—-1Xx%, 
coſ. 2=cof, 11 ux1i-nxcoſl, n+1xv+ ux1i-nxcol. 1—1 xv, 


fin. 2 2 fin. 2#v—24x 1-08 lin, 21n+1xvV+21 x I—#x ſin. 22—1 xv, 
col. 22 coſ. 2uv—24ux NA x col. 24+1xv+214x1-nxcol. 2 1 X v. 


1122. Let us aſſume M= 8 according to Sir I. Nxwron, the maſs 


of the ſun being unity, which we may conſider as the maſs of the ſun and 
earth, on account of the extreme aces of the earth in 1 to the ſun; 


and, by obſervation, the value of ; ee 513 therefore = == 0,0071264, 


I SR I 
Fe = 020013714, 5; = N 7 o, oooo 508, - = 0,00000977, &c. 


alſo, 1— 22 : 
1,857 


3525 1 — 1 - , o843, 111 1,91 566, 22— 10, 8313 


and 21 ＋ 1 2,8313. Alſo, we aſſume r=1, it's mean value. ; 


1123. To find the value of e { Fr*v. We have (1119) Fri= -M 


6 


5 7 | 
(62 + 255) x in. 2 + (i + +57) xfin 5 5 


fin. 2 Mx 0,0108 545 x fin. 22. | Now for ſin, z and fin. 22, ſubſtitute their 
vor. II. | WS values 


„therefore 2 =, 915659; and #=0,01683 ; conſe- 
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values found in Art. 1121. neglecting the terms = ax I x fin, I x v and 
22 * 1 Ax fin. 2nu+1 x v, becauſe, when the fluent is taken, the denomi- 
nators will be ſo large as to render the terms too ſmall for conſideration. This 
ſubſtitution being made, and ſubſtituting alſo for M it's ener we have, after 


taking the fluent, 


e = 0,00000053856 x coſ. nv+0,000005555 x col. 2 uv— 0,0000002474. 
x cof. = I x V+0,00000044 57 x coſ. 24—1 Xx v. 


; — * — 4 5 - ; | - . 
1124. To find the value of Dr*. The firſt term M* ( — * — — + 


5455 9 in the value of D (1118) not being multiplied into the ſine or coſine 
of z, may be here neglected, it not being a variable quantity depending on 
the place of the body, but only a conſtant part of the whole force of the earth 
to the ſun, and we are here conſidering only the variable quantities which pro- 
duce the irregularities of the earth's motion in different parts of it's orbit. We 
have therefore only to multiply the next two terms of the value of D into , 
d we obtain A1 Cam N47 4 107, 
and we obtain — * 157} xo 2 — * 25 ＋45 ; = 1697 
x cof. 22 — M x 0,0016023 x coſ. 2— M x 0,019554 x col. 22; ſubſtitute 
for M it's value, and for coſ. z and coſ. 22 their values found in Art. 1121. 


f ä ; - — 
neglecting —ux1—# v coſ. u+1xv and — 2 Xx I- Xx col. 2u+1 xv, 


on account of their ſmall effects, and we Set (for our preſent purpoſe ) the 


value of 


Dr*= — 0,000001 5017 col. 1 0,000010267 col, 2uv— 0,00000005265 


coſ. 2— 1 x v—0,000000289 coſ. 21 1 X v. 


1125. To find the value of E. 8 p =1,. WE have (1120) 


12 


rf 
5 = Ax fin. v; hence, . ( +; %) x fin. 2 x 1 x in, v 


73 | 
x (3 + _ 5 X fin. 2% x 4 x ſin, v; now for fin. z and fin. 2 2 ſubſtitute 
their values found in Ar. 1121. and here all the terms which ariſe will be 
found ſo extremely ſmall that they might be all omitted; one of the principal 


of the terms, however, + 0,0000000848 coſ. 2u4—1 x v (arifing from the 
ſubſtitution 
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ſubſtitution of the term 24 x 1 = # x fin. 22—T.v in the value of fin, 22) of 
- ah in | * 
the ſame ſpecies as one of thoſe above, we ſhall retain; we therefore aſſume 


5 — 


Fi Fre | — 
=0,0000000848 col. 2N—1 XV, 


1126. The value of P is (1118) Dr*+ 2 26; by ſubſtitution therefore 
from the three laſt Articles, we get | : 


P = — 0,0000025788 cof. nv—0,000021 377 col. 21 + 0,0000004421 5 


coſ. 1 1 x v—0,0000010956 col. 2u—1 x v. 


Thus it e that P is expreſied by a ſeries of coſines of the multiples 
of v (1109). 


* 


1127. Aſſuming = 1 if P=a' x coſ. mv+8' x coſ. nv+&c. then S 


. = 4 


x coſ. mv — 


m*— 1 NM 1 


therefore we obtain the correſponding value of ˖ 


x coſ. #v — &c. (1111); from the above value of P 


S — ©,00001 597 coſ. 1v +0,0000090081 col. 24v +0,00000044.5 3 col, 
U—1 X v—0,000003 548 col. 21 XV. 


1128. The correction of the expreſſion for the time (1114) is the fluent of 
—28$+exV—2wWwx 3$+e xv; ſubſtitute therefore for $ and e their values 
above found, and take the fluent, retaining thoſe terms only which are of the 
ſame ſpecies as thoſe we have hitherto retained, and neglecting the others as 
being extremely ſmall, and we get the correction of the time 


= 0,00003429 ſin. 2V— 0,0000129 5 ſin, 2e o, ooooo 194 fin. #—1 x v 
+0,00000735 ſin, 21 - IX v. 


— 


1129. By Art. 1114. the correction of the mean longitude, ſo far as regards 
the diſturbing forces, is the above correction of the time with it's ſign 
changed, which correction is in terms of the true longitude; but here for 


the true longitude we may ſubſtitute the mean, without producing any ſenſible 
2 2 error; 


179 
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. error; if therefore x repreſent the mean bie of the _— we, have the 
correction of the mean longitude 1 Þ 


* 


— 


= o, oooo 3429 lin, 1x +0,00001295 ſin. r ſin. 1 1 x 
N xc 0,00000735 in. 21 - IN x. 


1130. The mean motion of Jupiter : that of the earth :: 1—# : I, Or as 


. 1A „*: x; hence, ur the mean longitude of the earth - that of Jupiter, 
which put = y. If therefore (1115) we multiply each of the co-efficients by 
57,2978, we get the equations of the mean motion of the n Le ing kg the 


action en, | 6p & 5 


— 


= 2% x fin. y+2”,7 x fin. 2y+0",4 x fin. - * - 1“ 5 x fin. 25 — K. 


1131. In the foregoing ſolution, we have ſuppoſed the orbit of Jupiter to 
be a circle, and conſequently þ was conſtant ; but if 4 repreſent the ſemi- 
parameter, #' the true diſtance, the excentricity of the orbit divided by the 
ſemi-axis-major, and v the true anomaly, then 5 ; — LA 775 the mean 
anomaly alſo of Jupiter , z coſ. v, proved as in Art. 1117. and the 
mean motion of the earth being to to that of Jupiter as 1+# to 1, the mean 
motion of the earth=1 TA. v '+1+#x 21 cof. v, from this ſubtract v' the 


3 
true motion of Jupiter, and we get ⁊ ＋1 21 col, v. Alſo 72 ¹ 


, 


+ 1 col. *. Proceed therefore for this value of 2 and 7 „as We have done 


for that of 2 and - in the foregoing operation, aſſuming thoſe terms only 


where 1“ enters, by which we ſhall obtain the equations ariſing from the excen- 
tricity of Jupiter's orbit We have here omitted thoſe terms where the powers 
of the excentricity above the firſt have entered ; but if we had taken any of the 
higher powers into confideration, we might, in the ſame manner, have got the 
equations thence ariſing. If the reader wiſh to ſee an example where the ex- 
centricity of each orbit is conſidered, and alſo the ſquare of the excentricity of 
the orbit of the body which is diſturbed, he may conſult the Mem. de ! Acad. 
Roy. des Scien. 1761, where he will find M. de la LAxpE has computed the 
equations of the orbit of Mars arifing from the attraction of the earth, taking 
all theſe circumſtances into conſideration. M. de la PLace, in computing 
the 


— 
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the equations of Jupiter and. Saturn from their mutual attractions, has taken 
into. conſideration the third power of the excentricity. Mem. de Acad. 1785, 


1786. | ; | 


4 N 
1132. The general value Fx 257 at 2 is (aſſuming the mean 
radius of the earth's orbit unity) [4*+1 +261 coſ. v'+24 col. v— (20+208 


coſ. v + 2 coſ. v') cof;z] . The equations may be computed, by firſt 
ſuppoſing the two orbits to be circular; and after that, by ſuppoſing firſt one 
of them to be excentric and then the other, aſſuming, in the two latter opera- 
tions, the terms ariſing from the excentricities reſpectively ; repeating the ſame 
procels each time. Or (as we have here done) we may take into conſide- 
ration ar firſt the whole effect ariſing from one of the orbits \ſuppoſed to be 
excentric ; and then compute the effect ariſing from the excentricity only of 


the other. 90 8 5 


} l -- 
j | 


5 . * n 
© 4 — o 

4 4 - - , * * 

9 


To reſolve 6*+r* — 2br 60. = z ino lie Series 4B * oof 22 
+D coſ. 3x ＋ E coſ. 427 &. 


1133. When the difference of the radii of the two orbits is very conſiderable 


in reſpect to the ; greater of the two radii, the ſeries expreſſing the value of = 


— cz 


(1118) converges ſo quick, that a few terms will ſuffice, as in the example ow 
given; but if that difference be ſmall, the ſeries will converge but flow, and 
the labour by the direct method becoming very great, we muſt have recourſe 
to other means to obtain the values of the coefficients. EULER, who firſt 
diſcovered that the feries might be expreſſed under the form 4+B x col. z 
+C x col. 22+D x col. 32 +&c, gave. two mak of finding the coefficients, 
which we ſhall here explain, 


1734. By 


| | 5 Ds 
* The expreſſion which we here want to expand (1118) is 6*+r* — 26r col. æ) *, which 


inn 


1 5 2 5H 


may be reduced to x 1 267 x coſ SF (if s= — R 
Sr Sir . ( 63+ rf Fra. 


os — N — T: ; 
i—g col, * 2 where 1—g coſ. A r is the variable part, 
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m. m1 


1134. By the Bioomual Theorem, . gcol. A7 21 +5 g col. 2+ 


Fc col. 24 , arg 3 col. 2*+&c. Now 


1.2 


* 


Col. z S coſ. 2. 


Col: 2 


* 


1 r | 
(col. 2 W += . -) 64 5 ; 
2 [it Jan © eek 


of. & = 5 (col. 30 +2 ys 


4:3). 
"© wk 


Col. 2 = ; (col. wt col, 220+ : — 


Col. 2 1 = (col. 5w+2 col. 3 ＋ 1 — col. ). 


Col. 2 605 70 T7 col. 529+ 1-2 o coſ 2 + 55 2 coſ. ). 


&c. en in & c. 4. . „ t &c. 


7 . — . : - 
. * 8 


113 5. As therefore the Ve ot Iz, col. L, col. ICE, Ke. &c. are ex- 
preſſed in terms of col. x, coſ. 2 , coſ. 3 x, coſ. 42, &c. we have, by ſubſti- 
tution, 1—g col. 2 AB coſ. 2 Ccof. 22 +D col. 32 ＋ E coſ. 42 + 

&c. A, B, C, D, E, &c. being the coefficients ariſing from the ſubſtitution, 
Now from the ſubſtitution it appears that 
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The values of the other coefficients C, D, E, Sc. we ſhall find in terms of 
A and BB, and therefore * computed 4 and B, we fhall very eaſtly obtain 


C, D, E, &c. . 5 


; | — 


cM Let r= 4 +Beod. z+Ccol. 22+D col 32+E col. er 52 


+ &c. col. On „then 0G = n * log. 1—g col. z, and - 


. , * 


— mg lin. 2.3: 
1 = Col. 2 


1—g col. 2 Lung fin. z =. In this equation 


1 $ 
„therefore 3 


ſubſtitute 4 ＋ B coſ. z+C coſ 22+&c. for 5, and, — B fin. 2. 8 — 20 fin. 2: 22. 


— &c. for 43 and ſubſtituting alfo for ſin. #z x coſ. z it's value 4 fin. y+1 . 2 
+3 ſin. #—1.2, and for coſ. uz x fin. 2 it's value ſin. +1 1.2—4 ſin. 1-1. a, 
e as 11, 2, 3» 4» 55 &c. and we yet [7 7 
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1137. The principal part of this operation therefore conſiſts in finding the 
values of A and B. One of the methods which EuLER propoſes for this pur- 
poſe is this. In each ſeries for 4 and B, compute the value of a few of the 
firſt terms, for inſtance, of ten terms; and let the following terms be O + O Pg* 
+0P2Q g*+OP2QRg*+&c. and then we have only to find the ſum of this 
ſeries, or of the ſeries 1 + Pg* PN Pg +&c. and as the factors 

P, 9, R, &c. approach to unity, we may conſider this as a recurring 
ſeries, and which may therefore be repreſented by a fraction. Let therefore 


a 2 4 = | 


1 +Pg*+P9 g*+P2Rg* NR SH &c. 


=> -xÞ. -yPQ, -»yP2R —&c.\_- 
— 0 P —IPY =—&c. : 
—I- — 8 8 5 a 
hence, P-y—a=0, P2-yP—8#—S=0, PAR—yP2Q-9P=0, PRS 
RK A- 


PR- PN =0; from the two laſt equations we find y = * , 2 


x R+y; therefore « = PE y and B=PY —yP—89 are known. But as the 
factors P, Q, R, S, &c. approach to unity, at an infinite diſtance we have 
PRS &c. YP R &c. —-9IP9 &c. =o; and the quantities PRS &c. 
PAR &c. P &c. having each an infinite number of factors and the firſt 
only one more than the ſecond, and the ſecond one more than the third, and 
the laſt factors alſo equal to unity, we have theſe quantities PRS &c, PM &c. 
PY9, &c. ultimately equal; therefore 1 - s = o, or y+d=1; hence, 
R — 


= EN I=1—y; P-; B=PY—yP=8. Thus we obtain the 
value of Ox - Kd" 7 whinh repreſents the value of all the terms after 


— 7 * 99* I 
thoſe which were computed To adapt this to our preſent purpoſe, we muſt 


aſſume . 


1138. The values of 4 and B may alſo be thus obtained. Let 


3 
2 


17 col. 2 =A+B col. 2+C coſ. 22+ D coſ. 32 + &c. and then 


17 col. ih x 2 = AS + B col. 2 5 + C coſ. 22. S &c. therefore 


-f TEES col. 2) * Az+B x fin. 2 ＋ C fin. 22z+&c. make 2 = an arc 
Vor. II. AA | of 
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F Bikes” col. 2 ==, Now the fluent of 1—g col. 2 
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of 180% and all the terms after 4z will become = o; hence, 4 


1 


x Z 1s the area 


C 


— 


— 


— 


of a curve whoſe ordinate is 1 g col. 2 and abſciſſa 2. Let therefore 


PZ=an arc of 180% PW =z, WH=1=x col. 2] „ and AK the locus of 


3 
all the points H, and the area PA will be the fluent of 1 —g col. I N E, 
but this we can find only by an approximation. Let the abſciſſa PZ be di- 
vided into a great many (a) equal parts PY= 9R=RS=ST = &c. and let 
each of theſe parts be called unity; then as the ordinates are ſuppoſed to be 


very near, P x 2B, or (as P =I) B area PAB nearly; and thus 
RC=area B CR nearly; SDS area RCDS nearly, &c. therefore any area 


PAET=9B+RC+SD +TE nearly; divide therefore c into à = parts, 


| 3 4 a c FEE 
and let the ſucceſſive values of z be 5 = r then will 


810 


1— 4 FAY 


1 col. = =RC=area ck, 1=g col. 5 2 area RCDS, 
Kc. nearly; put theſe 3 =H, I. X, L, &c. reſpectively, and the 


fluent of 1 f col. 2 *x $=H+1+K+L+K&c. nearly. Now let us con- 
ſider what is the fluent of all the 4 on the fame ſuppoſition. As we have 


3 
found the fluent of 1—g cof. 2) * x & by taking the ſucceſſive increments 
and adding them together, we muſt find the value of the fluent of AZ in the 


ſame manner. Now as the increment of 2 is called unity, the whole value 


of 4Z. thus generated is A x _— of theſe increments Aa when 2=c. 


Now the fluent of 1— g col. I * = Ax (neglecting the other terms 
which vaniſh when z =); hence, H+1+K+L+&c. = Aa, and 4 = 


LY 


& 
1139. To find the value of B, multiply 1 — g col. 2] AB coſ. 2+ 


2 
C col. 22 T &c. by col. 2 x &, and we have I - cot. a * x col. 2x A 
col. 2. 2 T B col. 2. 8 ＋ C col. z. col. 22. Z + &c. = A col. 2.3+B x 


1＋ I col. 22x ＋& c. Ax col. 2. S T1 BZT B col. 22. S T & c. Now 
| the 


1 


| 88 a>: | 
become 1=g *2 = 2B = area PAB; 
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the fluent of 2 B is Z Bz, and the fluent of all the other terms will be in 
terms of ſin. z, fin. 22, ſin. 3z, &c. and therefore when z=c = 180® they all 


vaniſh; hence, when 2 becomes , ſ1i—g col. z 2 of 1 col. 2. 3= I Bc; 


therefore B= 4 CITES * x col. 2 If therefore any ordinate VH 


= "#7 1—g col. 2 2 "> x coſ. z, by proceeding exactly as before, we get B = 


AL , where H, T, X, by. &c. repreſent 2B, RC, SD, 
* 


TE, &c. the values of 1= =p col. 2) x col, z, when we ſubſtitute 


£8 3” c. for Z. The more parts « into which we divide c, the 


2 


E 
% — 


nearer is the approximation. 
1140. But we may approximate to the area PAK Z more nearly in this 


manner. B 2 PR=area PAC R very nearly; SD x RTS area RCET very 
nearly; &c. in which caſe the number of ſuch quantities = 3 4. Now let us, 
for inſtance, divide c into 20 = parts, or let æ = 20; then as we now aſſume 
for z the firſt, third, fifth, &c. ordinates, the reſpective values of 2, if we 
take them in parts of a right angle g inſtead of two 64 angles c, will be 


I 2. = a 9 11 1 13 15 17 
10 K 180 3 10 E 10 4 1 10 Tc 9 9 ˙ 10 = 1 3 2 e. the | colines of 


— 


1 


which we TEE ſubſtitute for 2 in 1 — _ in order to get the firſt, 
third, fifth, &c. ordinates, and the col. z being negative for the 1 five values, 


the quantity — g col. 2 becomes poſitive ; but col. — 5 = fin, S Ez, col. e 
2 5 ; 11 
W e cof. If 6 fn. 84 col. = = fin. 18 *. and col. — 22 


ſin. 155 e; ſubſtituting therefore theſe fines inſtead of the coſines in the value 


of 4 (1138), and I « inſtead of , and we get 


_ 4 
2 


SIM rat > 000045 
1 — pg col. = +1 g col. 85 e + 1—g col. = | + &C. 


188 


ON-THE EFFECTS PRODUCED ON THE MOTIONS OF THE PLANETS IN 


This is the other expreſſion for 4 * which EuLER has given in his 
Recherches des Inegalites de Saturn et de Fupiter, which he fays is ſufficiently 
accurate. The number of the quantities is only ten, and are very eaſily com- 
puted in numbers. If c be divided into a greater number of parts, the con- 
cluſion will be more accurate. 


— 2 
5 


I 141. To obtain the value of B, inſtead of the quantity 1 g col. z) 
we have 1—g coſ. z| * x cof. z; ſubſtitute ſin. z for coſ. z, as before, and 


without the vinculum cof. z becomes negative for the laſt half of the terms; 
hence, | 


PRI 
2 


Err 


e 1 3 coſ. I 6+ &c; 
I g col. Kh x col, 04 6. g coſ. 51 * Fr * 


LR WIRE 
— 6—» 
* « 2 


=1+2 fin. . — x 1025 . ſin. = e x fin. => &c. 


1142. But there is another method by which we may approximate to the 
area of this curve, by ſuppoſing a parabolic curve y=a'+b'x+x*+d'x* + &c. 
to paſs through the extremities. of any number a, 5, c, d, e,. 1, m, u, 
of ordinates, * repreſenting the abſciſſa and y the ordinate. For inſtance, 
take three ſrginaces a, b, c, and the parabolic curve paſſing through them 1s 


v A. c, the area of which, in terms of a, 6, c, is 3 a+? b+3ct 


3 


—the area PA CR; for the fame reaſon, . +2 d+= e=area RCE T: &c. &c. 
hence, Abe ele nes .f 4244 5＋72 6: d+2 e. If u , that is, 
the whole area = of the ſum of the firſt and laſt ordinates + of the ſum of 
the alternate ordinates, beginning at the ſecond, +5 of the ſum of the alternate 
ordinates, beginning at the third. Thus we may find the values of 4 and B 
from the known ordinates of the curve. Multiply theſe values of 4 and B 


by 2 and we obtain the values of 4' and B. 


b*+r*|* | 2 


1143. M. de la Grace 


* In the caſe of the firſt and third ſatellites of Jupiter, M. BaiL.Ly has ſhown that this does 
not differ more than the 2000th part of the whole from the truth. 


+ This is 1 in the Chapter upon Interpolation. 


* 
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1143. M. de la GRAN E has thus inveſtigated the values of the coefficients. 
Let V=4*+r*—2br col. z, and ſuppoſe 


Take the fluxion, and we have 


ee ln. S ＋2R ſin. 22 ＋&c. 


Multiply the firſt of theſe by V, and the ſecond by it's equal F+r*—+br coſ 2, 


and 


— Z Fr <= al 2 * © fin; 2 T2 Rin 2 T&c., 


* U * % 
7 . LOS | " - * —— 


Or, 29 r ſin. 8 P col. 2+R col. 2 T &c. 


=b* +r* = 2 br 2 * 8 ſin. in. 22+KC. 


— oo. Ss 
'$ * — — - - 
* — 5 yg ag 
* 


> . 


1144, Now. ſin. 2 x Col. 28 24 Ga. 38 —1 fn. 2, and col. 2x fin. 22= 


J ſin. 32+4 fin. 2; in the laſt equation therefore, ſubſtitute for fin. 2 * 
col. 2.2, and col. X fin, 2 2, theſe values, and we get 


* 
8 


. br x 25— 2P—R x ſin. 2 +&c. Ir x LR, ſin. 2 Tc. 


all the other terms containing fin. 2 E, fin. 32, & c. Equating therefore the 


coefficients of ſin. 2, we get 


re Pg R= Far » Deb. ooo orgy of 
RECAP; ˙˙ Rr . 9oitaring ately 
hence, R = 2. — | | D 211 


2 - * br 


* 
% 


1145. Let 
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4145 . 7 1 P. ＋ coſ. $+R' coſ. 22 + &c ' Multiply the firſt 
by J, and the ſecond by = 2 br coſ. z, and we have 


2 =FFr—3br col. zx P'+Y' col. 2+&c. 


But coſ. z x coſ. 2 11 col. 22 hence, £764] 0 I. 
Pi. xe. 


the other terms being 1n terms 7 ſig. Z, fin. 2.2, &c. And Kii this: 


with our firſt aſſumed value 3 , We have | 3 
*FFͤRſF!! 


1146. Next, multiply 5:5; = P''+ & cof. 2 + R/ col. 22 + &c. by 
25br ſin. 2, and e N 


- ä —ääP — — 
* — — - <4 —_ LO. a on L * 


= 


e > ge ings an. +2612 6 fin. 2 x col. lr ſin. 2 x 


coſ. 25 Lc. c lis ſin. 2 x col. 22 2 | fin 32 — I fin. 2) 255K x 
„ 


25br fin. 2 


Hann this with the dae e Tho we.” 4h in Art. 1143. and we have 


_ 


. 1 3. y 71311 , 7 "1H 7 * 7 e. 


But there muſt be the ſame relation between P, N, R., as between P, A, R 
Rm P + 2 — 2 * 9 + . E, 
I—Sx br 


ſubſtitute this quantity for R' 1 in 25brP' — R' = AN, and we get 


5 


only writing 5 +1 inftead 57 s. Hence (1144), 


| | 8 2 „ f 1 
— 2 oh „ b*+r'x =. 


From 
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From this equation, and the above equation &* +1* P/ Ir =P, we obtain 


EF +" x P LN br 
; $ 
P' = P—— 3 


þ* eg? 


. 
. —— 8 ee a , 1 
4 * : BB pf V bY 


\ 


3 ; | SS * | * 1 
CTY therefore the two fir Re 4 Lin the value of N we can 


find the two firſt Wandel P', & in che value 0 of 5: 


1 2 
_ =P" +9” col. z+&c. we have 


EA 2 * ll. 


Pe ——— nA 5 


If we ſubſtitute in theſe expreſſions for P' and & their values in terms of P 

and Q, we ſhall get P“ and & in terms of P and 2; Thus we get the co- 
efficients of the terms of the ſuperior powers 1n terms of the coefficients of thoſe 
of the inferior. 


1147. Let 2 PTA coſ. z+R col. 22+8 cof. 32z+&c. to find P, 


9, R, &c. If e be a number whole hyperbolic log. = 1, then „ 1+ 


ee — 2 coſ. mz, Hence, the value of Y, or &+r*—2br coſ. z= 
b-re 


In like manner, if 
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3x, &c. put alſo 281 1 . : 
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"— 


4 36 i 92 £22 — / | e T3 7. ‚ 211 8 . | TW - 
S re x Dre - therefore — = —< — — ———— 
: | * 7 | z M/—1| s — M—1\: 
—re —re 


theſe two factors expanded give thele two ſeries, 


I wel VR . TI. . 7 6.71 T2. r*e PAP OY " & 
N 25 T "EF hats 

1 re 1 6. N Free of. ed S$S+1.8+2.7% NT WY + &c 
Sr TT ˙“¹v YT FTTI 0n a 


Multiply theſe two ſeries together, and for 93 = e 2 put 2 col. z, 
or 8% 8 0 92 put 2 col. 2 Z, for e3* VA Te N put 2 coſ. 


- 


r+r 2 F. JI. S+2 


, &c. and the product. 


i 
or J. , becomes, 


7 (149% 5e ar 5 ce) 
. * an 
+535 x (a ; + af * +BY 55 ＋&c.) coſ. 2 
. 2 
2 72 „ 
+ 5 * (8 +8Y r +&c ) col. 22 
&c. &c. &c. 
And comparing this with 1 


PN cot x RN col. 22, &c. 


we have 
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22 1 5 (1 5 +85, 54 ** 7 e 1 ; 
, - . 


L= 63 + ap Ive 7 +X&c.) 


As the quantity 6*+r*— 2 br col. 2 is allo r- le e ei, 
we may change r for þ and 0 for r, ſo as to make the greater of the two er 
into the denominators. 


1148. In the preſent inſtance, we want to find P and Q when =; but 

in this caſe the coefficients a, G, y, &c. would not be converging ; we will 

begin therefore by taking = — 4, which will give the ſeries a ſufficient degree 
of convergency. Let us therefore compute P and Q in the equation 


— =P+2 col. 2 K R coſ. 22+&c. 


E 8 
from the ſeries expreſſing their values in the laſt Article, writing 7 for 5. | 3 
e . 3 5 | | | 
1149. Let = P; & cof. z+R' coſ. 22 +&c. then (1146) 
gp 1 3 : | 


\ 


pm Far x P+3brg g'= abrP+3x FFAx Q f 
b* * N 32 


auge Let N coſ. cf 2 ＋&c. * (24.46) 


= FI x Þ'—br9' = 4 br — Fer . 


Bi 4 | / > | 53 


2 Subſtitute for P“ and & their values found we] in terms of 2 ͤ and ,. 
=_ and we get 


S ? . — 
5 — r* 


Vo. II. Bs | 1151, Now 


— =, — = 5 — — — — > - - 
—— — — — — — — — äẽà—X6 2 ws = 
- l — 


+ — 
8 


—ü :—ͤͤ _—— 
CITES _— 


— nm — 


—— 


- _ 
* 

— = —_y = mo 7 

— ¹ OS „„ 
— — © 


— 
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* - © 
— 0 1 SES 
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1151. Now P and 2 ariſe from the ſuppoſition 48 13 putting therefore 


Hott Py Paen 02 , PID 2 
0 = 25 8 "It Y = 1 1 8 _-= +468" 6 2 BIS 
2 &c. we have, 


WES b | N 1 WY + 
So rn Chl AT Anus 
115 | 


7 on 65 17 | 

= (-i -en =p pn ec 
nh we may change r for 3 and b for 7. 42 the coefficients 8 B, 7, &C. 
form a ſeries decreaſing ſo faſt, chat the tenth term is leſs than 553 and theſe 


terms approach to a ſtate of equality; therefore, after taking the ſum of a cer- 
tain number of terms, we may conſider the other terms as forming a geometric 


an the ratio of whoſe terms is z 7 Hence, if 7 be any term, the — | 


: terms will CO nearly 5 5 5 7 W Ek —— CS We! but ſomething leſs, 2 48 


the terms themſelves 1 be a Hol leſs than if Na had proceeded accurately in 
geometrical progreſſion, becauſe the factors in the terms denoted by the Greek 
letters are leſs than unity, but approaching to unity. In the mw of Venus 


and the Earth, © > = : £ nearly ; therefore N. is leſs than 1 and LEES is leſs 


than 1; thus, the 55 of all the terms which follow 7 is leſs than T; and this 


is the moſt unfavourable caſe os can be put. If T be the tenth term of either 


ſeries, it will be lefs than ——— ;' ten terms only will therefore be ſuffici- 
1000000 


ently accurate for this purpoſe. In all other caſes, a ſmaller number of terms 
will be ſufficient | Ss 3 
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% 


To find the Bade; of the Earth? s Motion ari i ing from the Attraction of Venus, 
3 ppofing the Orbit of each to be a Circle. 


11 52. Let Spar 1 the radius of the earth's orbit, SE = the radius of Fic. 


* orbit of Venus, RNC? then (1118) 5 =n V1+b*—26 col. z, and 240. 


1 =1+F=2d col. 2] *=4+B col. z+C col. 22+D col. 32 TE col. 42 
+ fc ; hence, 


2 Ls 1 Gab 5+Bb col. 2 ＋ 0s coſ. 22 ＋ 5 coſ. 32 T EB col. 42+& 


And . | - 


5 x ſin. 2 wah fin. E — = fin. z TB col. z x ſin. z+Cb col. 22 


x ſin. STI col. 9 BER ſin. E- col. 42 x fin. 2 +&c. 


Now for col. 2 > fin. z, col. a= x fin. 2, &c. ſubſticure their values as in Art. 
1119. nl wo e, A | Fatt 4 


4 


[5 — =] x ſin. 2= 4. 5 1 Cb) fin. 24 (4 35—1 Db) fa. A 
401 Eb) an. 32 (1 D -4 Fb) ſin. 42+&c. 


— 


Multiply this by col. 2 and divide by an. 2, and for fin. 2 x col. 2, fin. 28 
x col. 2, &C. ſubſtitute their values (1119), and we obtain, ; 


2 


E 4 x coſ. 21 Bb+(Ab— * ＋ Cb) coſ. 2＋ (1B ＋ Db) col. 22 


3  #* 


+(4 Cb+4 Eb) coſ. 32+(4 Db+& Fb) coſ. 42 T &c. | 


11 53. As the orbits are ſuppoſed to be circles, z=1V (1117) ; hence, 


BB2 F=M 


— — * 


— — — 2 


». — — 2 5 — —ç— — * o — 
Lond — - o - a> 
l - - — = = an - - * oy _ — — Lal os. — — — — mY —— —j — Pagel 
6 — - 3 5 4 D 5 Pg a 


+ vue - 


— 
— — 
— — 


— * 2 


——— 


— 


1 2 5 
—— 
8 
— — — — — — 
h : * 
— — a EEC 
N 


© — 
— — 


3 


n 
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5-40) fin. nv +( 4 Bb T1 


fi. Sat E Ch—3 22 an. 330 (1 Wy 75) lin, 1) . 


D= - M 65 ( F.) col 2 1 (3— 4 


= 1 5 of v+(C- 15-1 PD.) coſ. 27 (P- 10 —1 Nr 320 


+ 2 J D- Fl) coſ. 10). 


1154. The value of e= Fd, the radiys r being unity; multiply therefore | 
the above value of F by V, and take the fluent, 200 we have 


M({=1 +5 +400) 5 of ny -( Bb- Db) — col. ano (03 | 


% 


Eb) oof, av = we) 1 oof. auc) 4 ae { 


; Y | * I * * , A & 


1155. As r=1, we hw 5 0%, PE . 0 1 47 but the firſt 


term A- B in the value of D may be omitted, it not being a variable 
quantity, and therefore cannot be concerned in producing any, of the irre- 


gularities of the earth's motion in different parts of its orbit; ; hence, we here 
aſſume 


L 


P=M ( A ice) coſ. nw 5 ; 


* 


— 2 * , * * 
| 
—— v— — 
8 — - 1 


f a 1 1 5 ; | f PS 
5 (C+ 25 na 2n + * Db) coſ. 2 


o 


|  Þ I EN, 
+ (2+ ook 22 +4 x Fo) cob. gav )- - 


S<Y e WF, 
n 
88 EDD 6 bh £4 Fas 


% 4 * Fr N N * Tt © 5 , \ + Wu Wa k 2 5 * 1 1 r 8 8 +5 - - 
; . ; 5 a * r 7 us. + Z 11 : Sd” 1 A A PI co. A y * - = 
1 n * TA aa A enn . — eee „ 14-84 22 2 ax 1 Se. N = * 5 4 4 "MN 7 - #1 AE - Ws x - 1 

2 ern 8 „ a. . 7 Ns 1 EIN 5 2 n n 2 „„ 33 * oath og ere IE — P - "| * 5 , þ 

| STS 071-4 $075 "8 49% bo n, AF . ö * >». nenne rk de” Toe Sg, © 8 . 1089 9 WE'D 8 8 2 +. - 58 * „ 
r Lr 4 ef not." e N or. e * Boe. $02, 7" ö 8 e 5 0 * 
: 5 FT . 4 a — .. TM. 1 - * y 0 L EEE: 5 12 . 4 5 
8 s of 4 k d | * 


2 8 8 
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1156, By obſervation, we have b 20, 52348, 1 o, 6253 hence, Er. 


„52342, 1+6*=1,52342z rl fon 1,44696 3 therefore i+6b*—26 col. = * 


1552342 — 177544695 "col. "2 *A+B col. 2 4 0 col. 22 +D co. 32+ 
E coſ. 42+F# col. 52 T Kc. and by the rules (1133, &c.) we have already 
given, we find 4 = 4, 9996, B88, 8861; hence (1136), C= =7,425, D = 
6,0368, E=4,8572, F=3,9281; from whence Ab= = 3,6171, Bb= = 6,4289, 


C s, 3718, DE agen £6= 3551435 Fb=2,8419." 


3 — 2 * — 
— — — 2 
= - > 


ww — — 
D 


' A 


1157. Subſtitute theſe numbers into the above values of e and P, and 


we have . a 
. | 5 i 


— —— pr — 


— No — — Pas 
_— - 1 =; inet = 


e=M (1,5699 col. nv=6,8474 col. anv=0,4954" oC 3%v=0,305 col 4) 


i. 
L 


«44 4 


— Ba — 
—— —— 
— — 6 


P= ST CLARE: col. nv +3676; col. 200 +2584 col. 3uv+1, 8828 coſ. 1200 


! * 1 * { F *. * þ = r 1 5 0 we. 7 = / * oY 
: 9 1 8 z » þ —_ , \ 1 " - * 0 
, . 4 - . 2 " 1 : 16 1 . * 1 10 * * 
. * if 4 a - 1 1 ö 


1158. Afuming d=1, if Þ = 1 7 col. n cl, bete. then 5 


— — - _ 
— — — 
— — — — — 


/ 


x col. u . ＋ * coſ. 1. = &c. (2817); in this caſe, the diviſers m 1. 


1 — 1, & c. become 1 —1 == 9.609875 4 1 sz! 98 —1 2,6156, | 
16u*—1= 5,25; alſo 4 = 1,3398, b' = 3,6766, C 2,5 4, * 1,8828. 8 
Hence, fr 5 „ 


. * 2 


S Sure 2314 600 6586. ll 21 1,027 wel. Cows 0,586 col. Mita 
* * 098 © Ir, 1 20614 . 
I 1159. The epd for ns correo of the time is che fluent of 

28 ex U ſubſtituting therefore for $ and e their values here found, we 

have | + 


e (6,0327 of un.6 = 13,8994 col 270. te coſ. L 
33. 1,0222 col. 41v. 5) ; 
\ 


\ 


5 * N on —_ a A 
* <J *-- N 2 3 . : . , y Wb * nn EE "| 7 
* Sv, 5 n W Rr nts © i Ae = 2 > 27 3 
- PINE wk l - * 3 31 MM; Wh 11. Tr 2 = 
0 < IF : ISR > = £ S ke 2 
* = . 4 OY + +> * was. a * 
8 r : 25 0 | * 
' 5 2 — 
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1 FT Hence, the correftion of the time 
6,932) 6 Ph — 8904 „ „„, 2,5494 5 
5 "i — —2—— fin. 220 —- —== ſin. 332 
= ſean aller 22 _— of ST: 2 
AF, bf Sas : „ 
f * — — — ſin. NV. 

| n N 
= = (9,647 5 ſin. 10 11, 1174 fin, 22 1, 359) fin, 35 | 
; | 3 Aae, ſin. 4200. | | | 
3 . allen of the longityde, Þ far as regards the didadicg 


forces (1114), is the above correction of the time with it's fign changed; 


ſubſtituting "therefore the mean longitude x for v, and putting ? nx=the 
mean longitude of Venus - that of the earth, we have the correction of the 


mean longitude _ 3 
2 N Ba al 1 8 * 1 25 
p i 4 7 222 98 3 - N 


| SIT (99475 fin. ? — 9 51 7 fin. 27— 1,359) * 3t — FSR lin. 400. 


2 116 Fo "Ions (1067) the maſs of = ſun 8 to chat of Venus as 


333928 0,8899370 We have M= 22 3 = _ = = 0;00000266 53 ſubſtirute therefore 


this value for M, and multiply the whole by 5 29 578 | in em to n * 
into degrees, and we get tlie correction of the enn N 


=F 3 fin. fo. 671 fn. 24 — 7 *. 3t—o0o",2 ſin. * 


* L 
} K 8 


» 8 2 * 4 — 
al =. „r. 'f 7 * . 


1162. Theſe are the 1 of the earth's motion Gd the action of 
Venus, upon ſuppoſition that the orbits are circles; ; if we conſider the orbits 
2s being excentric, we may compute ſeparately the effects ariſing from the 
eexcentricities, as before ſhown. Thus we may obtain the equations of the 
motions of all the planets ariſing from their mutual attractions. See H. it. de 
Acad. a Paris, 28655 1760, 1.761, 1.785, 17863 and Hift. de I' Acad. d Berlin, 
1781, 1782, 1783, I 75 45 wr EvLER' 8 Recherches des Intgalites de Saturn et 


9 . * 1 
Jupiter. II $05 
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THE PLANES OF THEIR ORP1TS, RON THEIR MUTUAL ATTRACTIONS. 
On the Motton of 113 Moon's Apogee. 


1163. * ation of one planet upon. another to diſturb it's motion about 
the ſun, is ſimilar to the action of the fun upon the moon to diſturb it's motion 
about the earth. The general equation of the curve therefore which the diſ- 
turbed planet deſcribes, may repreſent that which the moon deſcribes about 
the earth, and thence the irregularities of the moon's motion may be inveſti- 
gated. But on account of the length of the ſubject, we cannot here give au 
| inveſtigation of all the lunar inequalities; we propoſe however to ſhow how 
the motion of the moon's apogee may be found; and that being underſtood, 
together with the method of deducing the equations of the motions of the 
planets, the reader will be prepared to enter * any further reſearches of 
this kind. 1 

1164. Let E repreſent the earth, M the moon, S the ſun, and at 4 the 
higher apſide, let the moon be in conjunction with the ſun at B; put the mean 
diſtance of the moon from the earth = 1, A the ſemi- parameter, r = EM, 
2 4, MS=s, u the excentricity of the moon's * v=AEM, 2 


= SEM. Now (1118) 3 hots | 8 
Mer (Mxb M 7 85 
ont bee blen, 
7 ee e 5177 n e tn 511 


oF 22 . 4 \ i 4 | + A I 


- a ws ; f 
1 y & by " . 4 ww 4.6 «4 -* a þo : 
4 4 off 4 " ? 4 ? 0 : : # 1 
ANN M) e e 
* 2 ** - / $ ” a 
* — * . n. 2 * 7 1 Sr. 4 » l 
* * - 83 * 1 — 


. 


pt 
* 


» 
o - * * 
7 7 q * , * 
., # 3 4 . 1 . 
* o 


w W 


But MS = 5 —2br col: 27 (as 2 is very ſmall in reſpect to 5) 


. 


41.8 r ** N Fol. x 


* 


Hence, :D= 2 xicol. 2 2 , | neglecting that term where 5. enters into 


7* 
* "i * v. 

the denominator, as being extremely ſmall- when compated with the reſt, 

n 9 1 Mr. \ p 171-0 1 19 [ 4 

Allo, Was — 1 5 x of. 2x fin. 2 but col. 2 1 4 coſ. 22; and col. Z 
1 7 x} 1 & 25 l . 4 3 , 1 ; a 

x fin, æ = +} fin, 2323 5 hence, 

; V 1 OE og L. * . 
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cher, above values and putting 45 


TTT 
ei- eee ee 090077 om 20) 


e the denominator 1e of this laſt quantity. 1 


\ 


- 


1165. To explain- thwprintiples of the method by which we propoſe to nd 
the motion of the moon's apogee, we will take a more ſimple caſe of the pro- 
blem, neglecting the force which acts perpendicularly to the radius vector, in 
ee” caſe D becomes the only diſturbing _—_ and P= Dr*. Suppoſe 


D ; » and then the whole force to the center = — * ＋ a Now P= Dr*= 


A + 


3 but” (rms) 5 = 7 7 bol „ hence, TEE — 2 col. nu; codſpariag 


beer. .this with the general value. of Pa. coſ. W col. nv, we have 


a = — oy.” b* =5 5 = 0; heyes ( 1111), the ee of the cures becomes 


of -* 
5] 5 
1 col. r us, 
. C e v. Now 


5 k 3 7 1 * 
= $0 171 z . — 9 111 * 1 In 15 ary 
it 5 manifeſt that this ſuppoſition b =, — — 5 col: m1 mv vil be Juli 3-54 


vided we can e this equation coincide with the above equation nr the 
1 7 , A St < 
curve ; to do which, we allume * 14112 35 4. 2500” = += 0, 


En 5 „ hu 
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| 61 Brag ito | $17 _:- 

= = L which e uations we find: 1 = 12, d=p-h, 

pd x n. 1 15 5 9 q SE 5 * mp 
== ; thus we have found ſuch vidaes for , d and w as will 


make the equation of the moveable ellipſe coincide with the equation of the 
curve deſcribed by the body. We ſee therefore that the effect of the force id 


173 


added t to the force 5 changes the ellipſe expreſſed by 7 & oof. Tf 


4 GE 


into a A ellipſe exprefſed by 8 — 2 Ach col. mv, the 


" PNP 
parameter and excentricity of which are . from thoſe of the ellipſe 
deſcribed without the diſturbing forces; and the angular motion of of th planet 


— 


: that of the apogee :: V: V=MU : 1: 1 :: 1: V1; This 


agrees with what we determined in Art. 8 33. as will appear by fubſticutin 
in the general expreſſion for the force — 2 . "J=" I, "r=, m=1, 
„o, and making p=r. Upon the ſame principle we ſhall proceed to in- 
veſtigate the motion of the apogee, when the force F is ſuppoſed to act. 

I 8-0 ne 7 1 


1166. As - >, — coſ. mv, we have 3 = 1 + wo 
| cone « d 1 2 col. mv T 


col. my +w/ * col. mv + &c. raiſe this this quantity to the ſquare, cube, and fourth 
power, ſubſtituting for col. mv , col. mv*, col. mv*, &c. their values 3 +2 col. 


2mv, 3 col. mu+ 4 col. 3mv, 3 + & coſ. 2mv+ 5 coſ. 4m, and put a 


z 7 151 
＋3 , 8'=w+ 2%, % 1g, $=w+ , 2 u, and we get 


— = (172 coſ. mv+2 w? col. . 
1 ＋＋4coſ. mu + 5 de coſ. 2 mv. 


„ 60 col. mv+3w* coſ. 2 7. 


= — 38'm ſin. mv— e fin. 2 mv, 


Vor. II. Ce | 1167. By 
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1167. By Art. 1 113. f=r*v, which is png preps accurate for our preſent 
nn that is, f Uf 20 kol. m x V TH W col. 2MVX D very Wer. 


the mean motion 25 = of FO moon a Ae to ** true phon v, 


; ; "8 | I 
in which time the ſun deſcribes the angle x ; let therefore I—- as the 


mean motion of the ſun: that of the moon, and we have v+ * lin. mv + 


3 
T Sb i : I . 2, W I 
5 fin. 2MV x, ON UV I, 3.4 71 Ing therefore if we put a= — XI - 75 
2 . ; N 0 | N * ; D ; 
7 f * UH R 
\ 2 1 1 g 71 r 8 
55 32 X 1 — =, We have, 12 . 
„ „ 1 1 
| 1 | . 
* * a' ſin. mv — , fin. 2mv. 
£ 11. K 1 9 


1168. Now to. find the values * 60. 22, * 22, we may conſider 22 as 


made PP, of two Poſts af and 24 ſin. mv—26' fin, 2mv; hence, by. Tri- 


' 


| ( * 2 
gonometry, 4 have . 7 X Col. (20 ſin. mo + 25 ln. 210 : 


. # 5 — 


{ 


| we. may conſider coſ. (2 4 fin. 50 25 ſin. 2 1) as ; equal to unity, and 
fin. '(24"x fin. mu 2 x fin. 2mv) =24' fin. m2 fin. 2mv, and ſubſti- 
tuting for the two products of coſine x ſine, their values in terms of half the 
ſine of their ſum — half the fine of their difference, we have 


2 1 8 : * 
ſin. 2 fin. e ſin. „ . 5 ſin. -+m.v+ 


2 | 2 5 
“ fin. - 2m. , ſin. +2m.v a 


1169. Alſo, cof. 22 = co. _ x coſ. (240 ſin my + 26“ lin. 2mv) + 


"Pp | 


= | 5 | 
fin. > Xx fin. (2 4“ fin. m2 ſin. 2mv); afſuming therefore the ſame coſine 


=1 as before, and ſubſtituting for the products of the two fines, their values in 
terms of half the coſine of their difference - half the coſine of their ſum, we have 
col. 22 


— col, - * fin. 24 fin. mo+28/ ſin, 2MV).; but as a' and 55 are ſmall, we 
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cal. 22 col. e col 1 * ve col. 2 - n v_ 


" fy vf 
3 — * 0 * a A 18 


+#' col. -—2m.v-b' col. = +2m.0, 


&r? . * απ * 3 22 200 
1170. The value of- 1 25 coſ. my = — col. 2 mv 
= 
: | 2&9 -. -- -&-- 2 2 


which is the firſt quantity conſtituting the value of P. 


421 


e r rs ( ＋ 49” col. mv + 5w* col. 


52 * | . . 2 : * 


3d 


. 1775 
1171. Having found the values of 5 and of fin. 2 , we have 


> fin. 2 T2 v) x V. Now leaving out the 1 multiplier — 5 


0 3 0 — ; 2. V 2 => 
will produce quantities of this kind, fin. =; ſin. 2 * v, ſin. - T*. v, 


1 1 4 
+ % : F.; 4 7 


2 | X 5 | 15 2 
fin. „ — 2. v, as we will here neglect the other terms, ſin. - + 2. v, 


; 5 | 101152110: a Wo et I | 926 
py 2 - 
fin. - 83 3 m. v, c. on account of that + ſmallnek. In our multiplication 


& therefore we retain theſe quantities, 5 ſin. 5-53 Yo'fin: -=m.v=F4 fin. 


„n. 175 an. 5 2 An. W. mv x ſin; 2? = 48's" col. wd 5; fin. 


+3 2 — 2 S hs _—_ — 
- % cents AA.. ante nd ion 
* —— 1M. 54 5¹ **col. 2 e iin. — NO | E 
n * : g 
* f 5 1 N aA aA w \ 
i by | a #- % / : ; 
9 7 | 7 { . * 0 ' a .* \ ö 5 
© $94 > f | ' 115 5 \ WS 07 . N ——— * C "— 
Si * 1 
9 49 * ſin. — x Col. 108 = fu. = +8: * 2 2 X fin. — MV ——-- 
92 4 Iz ; 1 74 - 
N 8 „ N E 0 . 8 8 . e 
1 . I 
Rs 


en 8 der my a & fin! ==. e ſin. „-a. 4 


g 4 „ ö p 
6 N 6 of » 1 : 1 £ 
4 IF 4 a . N 
— m——_— en 


) 


2 2 
597 x fin, — x col. 2mV=} x ſin. - = +217 0 ſin. „ —2m.v 


% 
q — q A F ? * R . * | 

* 4 5 f 1 \\ : * 4 \ o EF © as 4 5 = * 10 8 % ' 
( 4 

: 4 


C C 2 | Collecting 


W 
4 2 » 4 : 
— CCC CC” ee re — 


and actually multiplying the other terms, let us only retain thoſe terms which 
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* 


FTP therefore the cooflicrents of the above mentioned terms neglecting 


' fin. = on account of it's ſmallneſs), we get 


- ze 4 Ba. . 2 T in. „ M. VN UT 20“ - * x 


29 


f e | 
* — 


* 


PP got 
ſin. - „u. vx v, bn fan one 


Ws. ; 


, F.-22 tot A 9 7 

Putting thivefors a = 3 E, b 25 * , os 2 * — hu 5 

. ' pk bv * 47 * G 2 : » — MW ._. 7 | I + mm 

| A na 

1 44 
d = 3% * 2 2 8 8 TIS — p⸗ Laibe d. and taking the fluent, we have 
7 2 = 
N A 


_—_— 


— tþ 2 da col. 7 8 T2 pa, 


. %" + , 
® © 4 1 : 4 * 7 "7 & 45 7 I a ö . 4 4 1 * 
180 2 oy 9 411 » 4 5 "SS Þ:4:4 4 4 l 4 . - _ L* 


where pa is the correction, ſo that e may be o when v=o © 


2 


1172. —-Fo determine the value of gore x fin. 22, we have (1166) 3 758 


obe fo. mus Go. n fin. 2 m. and ſin. 25 = ſin. g + 4 fh. 2 . * 


— —— 


= x fin. 


+53 „ +m .V +06 ſin. f = 2. v3 ſin. = n 23 hence, 


222 X ((- 38m fin. mv— 6 w? ene) 2 ＋4 ſin. = — m, v 
K ied at, L 42 r 
— 4 fin, - -+m.v+0 fin. 2 - 3 fin. = 2+2m.v) ); now F we aC- 


tually multiply. theſe together, and retain thoſe terms which are e of the. fame 


3E A 


24 


7 _— 
I — # If & 


- 3m "Ip mv x ſin. "by — 306 ſin. + mv x ſin. u. -G fin. 2 b 


185 8s thoſe retained in the laſt Article, we have. 


Gs 
* fin. 22= Is 


x ſin, 


i 
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29 * 


&% 
x fin, my « (- 3Þ'mx ( co Z—m. v = col. = +M. v)- 304 


« (4 col. 2 = =2M.V— & col. =) - Call (3 col. = = — 2M. 4 


2 +2m.v)) ; putting therefore a'= 2 B'mb, bin, C'=2 Gn w*m, 
BOY 


we get 
e ED nl 2 EPS, | 2 
1 x fin. 22z= -A col. — +Þþ's col. = M. v bla coſ. -M. v 
2 v 1 11 1 


2 
+ ca col. „ —2M.%. 


tha x3 
1173. To find the value of *=xr ; col. 22, we have (1662) 7 madygf 


| 2VUV 4 x 
coſ. mv 3 coſ. 2mv, and cof. 2z=col. = + 4 col. -— —#.v — & col. 


a7” 
77 


5 - +1m1.v+0' col. „ 2m. - col. - ak v3 hence, 


s col. mv + 3 wo? col. amv) x ( col. © —+& col. 2 — m v 4 col. 


A. = +m. v+b' coſ. „am. v col. - 15. „)). now if we multiply theſe 


3 and retain only thoſe terms which are of the ſame ſpecies as thoſe 
which we before retained, neglecting ſome terms of the fame ſpecies whoſe co- 


3 28 ,. 2 
27. col. 22 x col. an coſ. „ * 


efficients are very ſmall, we have =—— 


, : 2 . ; jp 5 20 4 2 4 2 p 
— 4 4. col. „ +m.v+3Þ8' col. mv x col. Sy + 3 col. 2mv x cof. — + 3Þ'd 


| 2 a 2 | 


38" 


some of the other terms, beſides theſe, will give terms of the required ſpecies, but the 
coefficients are ſo ſmall that they may be neglected. 


coſ. 2 2g _ 
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— 


5 20 38, 5 8 2 | 
3B coſ. mv x col. 7216 (coſ. l „. telt 


— 


=2 d (col. -—2M.v+col. - +2M.v) 


2 


30 coſ. 2mv x col. Fo 


2 2 2 2 V 
38's col. mv x col. 52 * . 4604 (coſ. „ 2 v Hcoſ. =); 


putting therefore f 4, g=28'+1 al, EEA d6, ef 
we have (neglecting the "Baſt term on account of it's ſmallneſs) 


— — — 


1 | 1 2 
— 2 cof. 22 col. . coſ. - * 
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— 


2 2 
—c& col. „T. v col. 75 21. v 


1174. Having found the values of all the terms which compoſe the 
quantity P, let us add them together, and collect the coefficients of the like 
terms; and putting ASza TA. B zb b' e, C=20+b'+e, 


D=2d+c'-r, EEA, L=2p- 7. we have 


— 


- — — — 


PS La- Ea coſ. mu- Asa col. — -B. coſ. = —m.v 


* 


> | " : 
— Ca col. -+m. v+Ds col. „ 21. v. 


1175. Subſtitute this value of P in the general equation of the ES zm 
Art. 1110. and (dividing by p) we get 


J Fm 
ll 
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1 1 1 Ea Aa Bo | 
— = — 2 — — — &c. \ col. v 
f 7 7 1 7 1 * 
| 72 1 1— 2 -n 
A 4 
Ea 2 2U 
ah) a = x Col. t x coſ. — 
* 1 -n | 
5; p x 2 1 
8 —— — — 
. 2 Ca Si 
= - X coſ. = = M, V+ — = x col. = . v 
% 2 
N 1 px ,+m =! 
3 
Da „ 


2 
PX LS — 2. 


he Equation of the L Orbit. Make 1 + L p ——— 
the Equation of the Lunar Orbit. ake 1+ AF 1 N 
E » Aa | 
goes, + - — &c. o, where d, p, c, z, m, have ſuch values as 
* | * 
will ſatisfy theſe equations; put alſo p'= 42, % 22, 
ES 2: 41 8 
1 F , 
3 * A = 1 22 „and the equation becomes 
PX... 8 —1 Px 1— == 2M 


2 2 2 
=1—w col. mv+þ' col. 7＋ 17 coſ. ys unt coſ. - f. u col. 


— 


d 
— 
T 

| 


7 f 
1 2m. v. Now 7 21 1 col. mv expreſſes (1112) the curve deſcribed by 
1 


a moveable ellipſe, and the other terms being ſmall compared with theſe, firſt 
find the value of 1 from this equation, and ſubſtituting it into the value of 
P, a ſecond equation is found, approximating more nearly to the truth; thus 
(were we to proceed in the theory of the moon) we might correct the equation 


of the curve, or the equation which gives the relation between the diſtance 
and 
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and the angle deſcribed., But we here propoſe only to ſhow the method of 
finding the mean motioh of the apogee: | 


d 
I 176. Now -==1—W cof. mv are the principal terms of the equation, and 


(4372) denote a moveable ellipſe, containing the great equation of the 
moon's motion, that is, the equation of the center; alſo the motion of the 
apogee. And as this equation does not depend upon the ſituation of 
the ſun, the motion of the apogee which is denoted by it, may be 
conſidered as the mean effect of the diſturbing force. This motion of 
the apogee is conſtantly progreſſive, and (1112) is in proportion to the 

motion of the body as i—m to 1; if therefore 1 repreſent the mean motion 
of the moon, the mean motion of the apogee will be repreſented by : — m. 
The other terms are ſmall, and depending on the poſition of the fun in rolpea 
to the moon, they will produce ſome of the {ſmaller equations of the moon's. 
motion, and the equations of the motion of the apogee. Hence, we may 


d 
conſider 7 = 1 - 20 coſ. mv as an equation repreſenting the baſis of -the ae 
orbit. f f | 
1177. By obſervation, W= 0,05 505 the mean excentricity of the moon's 


orbit, according to Sir I. Nxwron. Alſo, 7 : 2 1 22 9,0748 : * or 


1 5 EIS And if Fats periodic time of the moon, P=that of the 


earth, we have (818) p* 9 aſide the effect of the diſ- 


4 52 
u Ti. 


5 F | 
curbing forces 3 hence, 5. M = and & | = 8. =0,005595 very 
nearly. RS, 

1178, The equation c— = + EE. — „0 would 
3 | —  [ wa 2 | 
\ 12 1 rt 


(as E, A, B, &c. are in terms of ) give the relation between c and w, from 
which we get the ratio of the excentricity of the orbit which would have been 
deſcribed without any difturbing forces to the excentricity of the true orbit; 


but as c enters not into any future part of the Proceſs, it is unneceſſary to 
determine that point. 


1179. The equation 14 TLa 1 is uſed to determine the value of 4, chat 


quantity entering into the values of p', 9, , . 
| \ 


II "EY The 


— _ 
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*. 
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"git 4? 
11 30. 1 he equation 2 70 . contains an element of great import- 
ance in the theory of the moon, as from it we obtain the value of n, and thence 
(1112) the motion of the apogee. | f 


_— 


1181. As the motion of the apogee is ; ſlow, we may firſt aſſume 1 t, 


and afterwards correct that aſſumption. From theſe values therefore of 20, 
1 = » # and mn, we obtain from the equations in the preceding articles, 


d=1,0091, þ'=0,0555, Y=1,0151, #' =0,0557, W*=0,00303, 4 =0,00824, 
b o, oo, 15136, 0, 1374, ©=0,1124, T=0,00718, *= 0,0007, 
W c =0,00458. | 1 


1182. The coefficients a, 2 c, d, as they are expreſſed in terms of 5. | 


- 


cannot be known til after the reſolution of the equation 1+La= 4 i in which 


L itſelf pens upon 5 Now p repreſents the 0 of the orbit 
that would have been deſcribed without any diſturbing forces, and 4 the true 


ſemi- parameter; and as the magnitude of the orbit can ſuffer but a very ſmall 
alteration from the diſturbing forces, we may aſſume : =1, and afterwards - 


correct it. Hence, we find a =0,8229, b=0,2107, C=0,0543, d=0,0869, 
and p= 1,001; conſequently A = 3,1595, B = 0,5172, C = 0,2627, 
D = 0,1721, L = 1, 4975. Subſtitute this value of L into the equation 


4 11 55 and we get E = 1,00838; hence, : 3 , 9917. Now as the 


quantities 3 che values of a, b. C, d, have the quantity : as a mul- 


tiphier, the above values of theſe quantities muſt be diminiſhed in the ratio of 
1: 0,991); therefore a=0,81607, b=0,20895, c=0,053849, d=0,086179z 
conſequently we get a more correct value of 4 = 3,1557, B = 0,5162, 
C=20,4004, D =0,1 708. Hence, p =0,00722, q'=0,01035, r'=0,000205, 


s'=0,00097, of which values, .q' and 5' are thoſe where the ſubſtitution of 1 


— 
for m cauſes the greateſt error, on account of the diviſors 1 * > m and 


4 
1— 21. · 
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Ea d Ea d . 

1163. From the equation 20 = N we get 1m = wp now 
X 

E=0,0838, and - X & =0,9917 X 0,005595= =0,005553. therefore 1 — m* = 


0,008388, conſequently 1M o, o4186. According to this concluſion 

therefore, the mean motion of the apogee : that of the moon :: 0,004186 : 1, 

whereas the ratio ought to be that of 0,008455 : 1; this concluſion therefore 

gives the motion of the apogee only about one half of what it.ought to be 

. according to obſervation. We muſt therefore ſee whether we have not omitted 
any terms, which, in the preſent ale, Nr have been too conſiderable to be 


neglecte. 8 
| BY 5. 
1184. In ſubſtituting the value of - 2 into e, into ng x fi. 22, and 


** 


% 


- 
* 1 PY 


EY 


3 
into * * cof. 22, WC afſumed it equal to 1— 20 col. mv (1166); ; 3 if we 
: aſſume 5= I—W col. 3 . » — 4 col. „u. v kc. 6 750 che! in- 


— — 


: troduction of theſe terms P. coſ. © — — 17 ' col. u. ve will ha hand to 


5 have a very conſiderable effe& in he value of E 105 , or of E, and conſequently of 
x 1—m#. Now that term which will produce any conſiderable effect on E is 
r 73 4 : 
| 92 —7 'col. 2 Sv 10 terms =, » ＋ 4 and E when joined with fin. — 6. 


— — 1 


* 


col. — — in the * of ſin. 22, coſ. 22. We will take each caſe ſeparately 


_ 


; : nz Afume'2=1 weoſ my — - 7 cof, = — m. v; hence” = = 1 — 4wW 
col. 045 col. 1 - m.v, therefore 5 col. may coſ. 3 * - 1 v, 
; | the two firſt terms we have already conſidered ; we amen therefore to 5 0 Fo 
=o" coſ. e v, and raking only the firſt term, fin, 2. in the value al 
| fin. 2, we have n 22x 240 — a * U 249 


fin. nv 5 ＋22 fin, 4 1. vx v, which laſt term we may omit, it not being 


85 | # 4 . 
| of the b which we here want; hence, e= — * 2 fin. mv x V= 
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1 72 Col. mv; 'the correction therefore of — 2e in the value of P is 


* 


- 
-- 


6297 col. mv. 
pm 


— — 


1186. In like , in ths anti FL we get the term 3 40 col. 228 


which has not been ad; bd taking only the firſt term, col. — _ 


8 


the value of col 22 we have © x ol. 22232 ' cof =. vx col. pH 29˙ 


3 


600 b 7 col. = 2 * · v, which laſt term we omit, as not being of the 
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73 
ſpecies which we here want ; * we aſſume "LO 22= =2 aq" col. mv, 


which i is the correction of 3 = ent 22 in the value of P. 


1187, Again, aſſuming d=1, in the quantity r* we introduce as term 
1 * 
V 


2 2 
39 col. - * U, aner > „ ſin. Fe hence, we 


aſſume 1 35 ** 5 —m x ſin. = —m, 5 and taking ey the firſt term, 


240 2 
2 g | PF j 3% 2 2 
3 N . | | & 
ſin. —, in the value of ſin. 22, we F have 3 : „ ſin. LT X -— — 
7 | OD: 24 U | oth 7 
7 * | 7 | * 
* 2 i 
24 X „ N col. 1 . Xx - x col. 


nb. 2U 
x fin, -M. v fin. — 
aA | 42 


3 5 8 


1 n . v, which laſt term we omit, as not g * of the ſpecies we here want; 


249 


- X fin. 22 in the value of P. 


f 8 * * EY a ER : | 
hence, we uns : x ſin. 2n= il X - m x cof. mv, which is the cor- 


3 1 


240 


1188. The. three corrections therefore which P receives make — 05 vs + 


rection of > 


+106 . 


— 2 28 col. mv; and we put E= 265 we muſt now therefore put E=2 8'+ 


55 L — 3 x 3580 25 E is therefore increaſed by (=+t — 2 * „7 — 
0,0784 ; and the former value of 4 B' being 0,0838, "the corrected value of 
BEDS: - E= 


* ; ' 


„ - —m ) 49 col. 3 but 1 the value of P before, this term was 


* * a þ 4 
——_ a4 —— . — — — — — 0.9 = 
> 7 — — — 


— a — 
— —-—8 — — —— — - , _— — —— - 


— — 


- . 
Cs a Ee 


IÞe-———x 


8 


E , 1622; hence, 1—m*= ob 36, and 1 m= 0,00836, | which 18 


to which we muſt confine this work. 
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) 


very near it's true value 0,008455. Now there are, after this correction, only 


ſome very ſmall quantities omitted; the operation therefore ought to be a very 
near approximation, and accordingly we find it to be ſo; hence, we may 


conclude, that the theory of gravity is ſufficient to give the true motion of 
the moon's apoges. | 


1189. Having determined the value of n, we might. correct all the quan- 


tities which depend upon it; and then proceed to find the correction of the 


time, and thence that of the true longitude, in like manner as we obtained the 
ſame for the planets; taking into conſideration the excentricity of the earth's 

orbit, and the inclination of the moon's orbit. And in the ſame manner as 
for the moon, we may find the motion of the apogee of the orbits of the 
planets. But a full inveſtigation of all theſe _ would Exceed the bounds 
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ON THE TIDES.” 


* 8 4 
+ 
_ b o 


HE nt of the tides” is a cirecitflines which muſt 
have been obſerved in the firſt ages of the world. According: 
to Mr. Cor 118, in his Hiſtory of Aſtronomy, Houxx is the moſt ancient 
author who has mentioned it. HRRODOrus, ſpeaking of the Red Sea, or the 


Arabian Gulph, ſays, that © there is a flux and reflux of water in it every day.“ 
And Dioporvs Ssiebrus deſcribes it to be . a great and rapid tide.” Theſe 


writers, however, do not attempt to gueſs at the cauſe. PrTHEAS of Marſeilles. 


who lived about the time of ALEXANDER He Great, was the firſt perſon who 


ſuſpected that the phænomenon was owing to the moon. PLiwy ſays directly, 


that it is cauſed by the fun and moon; Affus maris accedere et reciprocare maxime 
mirum elt: pluribus quidem modis accidit, verum cauſa in ſole Iunaque. Bis inter duos 
. exortus Iune affluunt, biſque remeant, vicenis quaterniſque ſemper horis; and from 


further obſervations . which he has made upon the tides, it appears, that they 


muſt have been very accurately obſerved in his time. Garirzo thought that 
the tides were owing to the rotatory motion of the earth about it's axis, and it's 


revolution about the ſun; but the phænomena can by no means be ſolved from 
theſe cauſes, as the former motion could only make the earth put on the form 
of an oblate ſpheroid ſubject to no change, and the latter would produce no 


effect on the ſurface. Dzs CaxrESs imagined the tides to be cauſed by the 


preſſure of the mopn; but according to this hypotheſis, the tides ought to be 
loweſt when the moon is on the meridian ; nor could the effect be the fame 
when the moon is below as when above the 38 Dr. WALL IS ſuppoſed 
the phænomenon might be ſolved by the earth and moon reyolring about {heir 
center of gravity ;. but as the tides depend on the ſituation of the moon to the 
fun, and are greateſt when they are in conjunction, and leaſt when in quadra- 


tures, it is manifeſt, that they muſt be partly owing . ts the ſang and therefore 


as the ſun and moon appear to act in.like manner to produce the effect, this 
cannot be the true principle. KEILER was the firſt who aſſigned the true 
phyſical cauſe; he ſays, that the waters of the ſea gravitate towards the moon, 


and cauſes the tides (220). Laſtly, Sir I. NEwrToN has ſhown, that ſrom the 


principles of gravity, the phænomena of the tides may be ſolved; but the 


ö from theory muſt be interrupted e from local circumſtances, as. 


the 
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ON THE TIDES. 


the theory ſuppoſes the whole ſurface of the earth to be covered with water, 
which would, in ſuch a caſe, have a free motion. 

1191. Let PEpD be the earth at reſt without any rotation about i it's axis, 
8 a body at reſt attracting it; draw SE OD, and Pp perpendicular to it; then, 
by the attraction of 8, the earth will put on the form of a ſpheroid, whoſe 


minor axis is Pp, and major ED. Let P be the attraction of the ſpheroid at P, 


E it s attraction at E, independent of the I force of S; then (975) 


the- attraction of MI in 30 anden MR is Px 55 


„and in the direction 
MY it it is Bo 4 Let mM 8 the addititious force of 5 upon the point P, 
and # that upon the point E; then (845) as the addititious force varies as the 


Ae from O, u: MO :: : m * — MO the addititious force at M; hence, 


40 
Mo MR, or « 20, 2 27 IP * 35 85 the additirious force at M in the 
3 MR; alſo EO : OM :: TELE 21 the addititious 3 at M; hence, 
OM: : M 2. or 9 "x To * > 26 the addititious force at M which 


adv 4 in the direction 1 2; therefore (847) 2 * x 85 = the whole diſturbing 


force on N by che action of S in the direction 1 Hence, the whole force 
of Af i in the direction MN E- 22 * 65 and in the direction MR it is 


Foo mM x 139. let. cheſe two den be repreſented by M . M 7 and comple 


the \parallelogram” Mrqg, and produce . M 7 to G; then gg, or My 1 N. gt 
NG: 2M, that i is Pins : Z 25 OR, G OE: 2 
5 15 ob * :2 E Lord 
2h, or P +m : E 2: : OE : OP; therefore a ſpheroid having two axes in 
ſuch a ratio, the direction of the whole force at every Point wall * perpendicular | 
to the ſurface, conſequently | the fluid will be at reſt,” | 
1192. By Art. 858. it appears, that the addititious force i the ſun on 
particle at the earth's ſurface: the force of gravity at the earth's ſurface * the 
quare of the periodic time of a body N at the earth's ſurface the 
Iquare of the periodic time of the earth :: 1: 38604600 = , and this (without 
an ſenſible error in the preſent caſe) we 135 take for the ratio on any part of 
the earth's ſurface conſidered firſt as a ſphere, and then only diſturbed by the 
fon and moon. Let therefore P=w, m=1, and put OP: OE :: 1: 144 
then 


— 


/ 


(neglecting ry account of it's ſmallneſs) = = 


. ON THE. TIDES, 


then as mn: a OZ: : 1 : 144, we have 12 174; alſo. (977,978) 
1+td: 11714 :;: w: E=wx I ; hence, by ſubſtituting in the laſt. 
article, w +1: W K 1142 2— 24: e : 1, and, by IE the eres 


where 4* enters on a account of their extreme ſmallneſs we e get d= 9 7 Ly — = 


8 the part of the 


_ earth's: radius which cxpreſſes the difference of the two ſemidiameters ;_ hence, 
as the radius = 3964 miles (1009), we have 4 2,033 feet for the effect of the 
ſun in elevating the tides. ' Now (85 56) che effect of the ſun is to that of tlre 
moon as the cubes of their apparent diameters and denſities .conjoingly 75 andyf 
we take, with Sir I. NEwToN, their mean ſemidiameters to be 32”; 12“ and 
31. 16/75 their cubes will be as 1: 1,091 ; and. (1038) the denſities: are as 
I : 2,44; hence, 1 2 1,091 X-2,44 :: 2,033 : 5,412 feet, the height to which 
the moon will raiſe the tides. When therefore the ſun and moon are in con- 
junction or oppoſition, in which caſe they both tend to raiſe the tides in the- 
ſame place, the height of the tide will be 5, 445 feet. Thus we have deter- 
mined the figure ob the earth and the height « of the tides, upon the. ſuppoſition 
of an equilibrium in all it's parts. 

1193. We have here ſuppoſed that the earth was a ſphere and not a.ſphe- 
roid, but if we ſuppoſe it to be a ſpheroid and the ſun in the equator, then the 
mean radius of the earth which we have aſſumed will be to the radius at'the 
equator as 3964: 397235; or as 464: 465. Now as the addititious force 
varies as the radius, it will be increaſed at the equator in the ratio of 464 : 46 53 
alſo, as gravity on the earth's ſurface varies inverſely as the diſtance (984), the 
gravity will be diminiſhed 1n the fame ratio; hence, the ratio of gravity to, the 
addititious force will be diminiſhed in the ratio of 465* : 464*, conſequently 4 
will be increaſed in the ratio of 464* : 4652. But 2, in this caſe, inſtead of 
being P vill be leſs in the ratio of thi radius at the mean diſtange to PO. 
or as 46 5 464 3 hence, d will be increaſed in the ratio of 464* : 46559. 

1194. It has been here ſuppoſed, that the high tide was under the luminary, 


and that there was a general equilibrium of the waters; but the high tide is at 


ſome diſtance from the luminary, and the waters riſe and fall by a reciprocation; 
alſo; the free motion of the waters in the open ſeas is hindered by ſhallow places, 
rocks and iſlands; in conſequence of which, the tides in ſome of the open. ſeas, 
at the time of the conjunction of the luminaries, are found to riſe only to the 
height of about three feet. Thus the, theory alone will afford no practical 
concluſions. We ſhall now therefore proceed to explain, - as. briefly as we can, 
what M. D. Bzxxovuii has written upon this ſubject, as, by correcting. his 

theory 
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© theory by obſervation, he has been enabled to W e rules for finding 
the times and height of the high tides. * 

2195. Let ghd be the ſurface of the earth undiſturbed by the fun or moon, 
od ſuppoſed to be a ſphere, E Pp the ſpheroidical figure ariſing from the 
tides. Let OM= I, Pg=5, Eb=#, Þ=3,141 59, &c. then the content of the 


ſphere = WB * and the content of the ſpheroid = 2 147 x I. 1 x 


1 725 27, ae che terms where 5* enters on account of their ſmallneſs; 1 
hence, Vo = f 1 r= nc 3 aber, or 27· = Eb. Hence, the 


altitude of the high tide above the level of the water if there had been no tide 


is double of the depreſſion of the low tide below; therefore the middle between 


the higheſt and loweſt tides is not the height of the ſea if it were undiſturbed. 


1196. Draw Oxv, and w2zy perpendicular to M; then as we may conſider 
the ag” 20 Aa right one, the triangles zvw, 270 will be ſimilar, therefore 


20 x 2: Zu t Zu. x = =_ Let Oh oa b. chen 25 V and 
it ok- open, 7 (1195) 7 * aud r and by the propetty of 


che ellipſe, 5 v = 5 D- e N —$x b+;m+8 


(by dividing. 523 5 m *Y 57 mn and extracting che root of the quantity under 
the radical ſign, omitting che terms where the powers of above the firſt enter) 


* - bm © 2. þ* | ; 
FX VF- 74 e r 0 x 'm very nearly, from 


which 13 re = =2J, and there remains 5 3 VF = x x m=270; hence, 


7 * _ 5 
2. 3 hog xm. Now Elz; hence, Eb—20=4m= = m = 


: _ F mz eanfbquently the falling of the water from the higheſt point is as 
the ſquare'of the fine of the hour angle from the time of the high tide, Z being 
a! N in the equator to which the luminary is vertical. When zoo, we 
ve 37 - =o, hence, = (if b=1) , 57736 the coſine of 549. 44 
05 angle E OM, the diſtance of tlie high tide from the point where the water 
is at the ſame height at which it would have been if there had been no tide. 
1197. If we ſüppoſe both tlie fun and moon to be in conjunction at E, 
* if m=OE— OP artfing from the fan, and n the difference cauſed by the 


moon, then if we take theſe quantities at the time when the fun and moon are 
| : 7 


* 


ö 
To THE TIDES. 


at their mean diſtances, at whiek time we may conſider their apparent ſemi- 
diameters as equal, the effects produced will be as their denſities (8 56); there- 


468 R % | . 
fore their denſities will be A as m: un. Hence (1196), zv= in = x mM + 


| SN n the altitude from the joint effects of the ſun and moon when in 


conjunction or oppoſition. | 

1198. If the ſun and moon be not in conjunction, but the ſun be vertical to 
E and the moon to F, then if be the fine of the angle.FOz, the altitude zv 
of the tide at z will be — x 1 ＋ _ 2 x . Now to find at what point 
the tide will be higheſt, we muſt make the fluxion o; hence, ms$+urf=0. 


Put A=the arc bz, a=the arc Fx, C and c their reſpective coſines; then 


F = © x A, and i= ;Xd; hence, by ſubſtitution, Fx a x@ =0z 


but, as A+a is conſtant, A +8 , therefore a = — A; : conſequently msC= 


urc. But 0 = ſin. 24, and rene? x lin. 243 therefore m x ſin. 2A=u * 


ſin. 24, or m: 1 :: fin. 24: fin. 24, Hence, we have only to divide an arc 
25 F into two parts, that the ratio of the ſines may be given, and the half of 
each part will give 53 and Fz. To do that, let bac=264F, draw be parallel 
to ac, and take ab; be:: m: u, and join ae, and it will divide it in the ratio 
required. And to compute the two parts, in the triangle abe we have the 
angle abe the ſupplement of the given angle cab, and the ratio of ab : be as m 


u; hence, n+m: n= m:: tan. I. ae: tang. Z. aach, therefore 
we know the angles themſelves. Thus we get the point where the tide is 
higheſt. If the arcs A and à be very ſmall, ſo that the ſines may be taken for 


the arcs, then mx 2A = u & 24, or mx AS a, and hence, m: :: a: A. 


M. D. BERNOVLII has ſolved this problem analytically. 


1199. M. D. BER NO VIII proceeds from hence to find the ratio of the 
denſities : # in the following manner. Conceive on one day the fun and 
moon to be in conjunction at E, and the high tide at E when they are on the 
meridian. Now a mean lunar day being 24. 50%, let us fuppoſe the next day 
when the ſun is returned to E that the moon is got to F, ſo that the earth 
has to deſcribe an angle of 5o' of time before the moon comes to the meridian. 


| Now the greateſt tide at 2 has been found, from the mean of a great number of 


obſervations, to be 35 after the ſun paſſed the meridian ; hence, as theſe arcs 


bz, F are ſo {mall that they may be taken as their fines, we have, by the 
r E E laſt 
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laſt Article, : rr: 3 Lf „therefore #= 15 m m=2 n. The arc F'z ſhows. 


the.time of the 4 tide from the tranſit of the moon over the meridian. We 
may compute this ratio at any poſition of the ſun and moon, only by conſider- 
ing how much in time the moon recedes from the ſun in a day, and how much 
the high tide one day precedes that on the next, and thence find Fz and 
bz. When the ſun and moon are in quadratures, if A= go, then a= o, for 
in this caſe mx fin. 2A=0=21 x fin. 24 agreeable to the conditions; hence, in- 
this ſituation, the time of the high tide would be at the paſſage of the moon 
over the meridian. Afterwards the point 2 of high tide will lie on the other 
fide of F. Hence, from ſyzygies to quadratures the high tide precedes the 
time of the moon's paſſage over the meridian, and from quadratures to ſyzygies 
it follows it. Now in quadratures, the difference of the times of the two- 
tides was found to be 85; therefore we have, : :: 8 5— 50: 85, conſe- 


quently 1 == x m=2.5 n. From the mean of all the refules,. M. D. B- 


NOULLI concluded 2 = 2 In, which agrees very well with that deduced in 
Art. 1038. from the preceſſion of the equinoxes,, and the nutation of the earth's 
axis. The method uſed by Sir I. NzwrTox. to determine the ratio of : u, 
was by obſerving the greateſt (a) and leaſt () aſcent of the waters from low to 
high tide at the vernal and autumnal equinox in conjunction or oppoſition. 
and in quadratures, and then as the effects of the fun and moon are in pro- 
portion to their denſities, their mean diameters being nearly equal, we have, 


n+m:n=m i: 4: 5; * m::3.a+b :#.a-b. By this method, 


Sir I. Nzwrox found. u : m:: 31 : 1 from obſervations made at-Briſtol.. 
From obſervations of a like- Wr. at St. Malo, by M. Trovrov, it 


appeared that a: :: 15: 1. The ratio of and ꝝ here found repreſents the 


proportional diſturbing forces of the ſun and moon at their mean diſtances, 
where we ſuppoſed their apparent ſemidiameters equal, and conſequently they 
will alſo repreſent their denſities. But at any other diſtances, we muſt add 
to this ratio, that of the cubes of their apparent diameters.. Hence, when the 
moon is in it's perigee and the earth in it's aphelion, the ratio of : u will be 
very nearly as 1: 3; and when the moon is in. it's apogee and the earth in it's 
perihelion, it will be nearly as 1 2 3, we will therefore take theſe two ratios. 


for the limits of the ratio of m : 1. The great difference therefore in the 


reſults. of the ratio of 2: m from. the obſervations at Briſtol- and St. Malo, 
cannot. be accounted for from the difference which may poſſibly take place, 
and therefore the method of Sir I. NEwTox. gives a concluſion which is ſubject. 


to too great a degree of inaccuracy to be. depended upon. From the agreement 
| So of 


ON TRE TIDES. 


of the conclufions found by M. D. BzxxxovLL with that deduced in Art. 


1031. we may ſuppoſe the denſities of the ſun and moon as 1: 24 as being 


probably very near the truth. 
1200. Hence, by computing the angle EOx, or Fos, for every day from 


the new or full moon, we might get the time of the high tide when compared 


tide, which arc it deſcribes in 6/. 200. 
from theory does not agree with obſervation. Take the point Fat 20% before 


+, and ſuppoſe the moon to be in F and the high tide by theory to be at 2“; 


with the paflage of the ſun or moon over the meridian ; and thus, from theory, 


we might conſtruct a Table, ſhowing the times of the high tides, if, as we have 


hitherto ſuppoſed, the whole effect of the ſun and moon upon the waters took 
place immediately upon the operation of the cauſe, and that an equilibrium 
of the waters was the conſequence. But although the ſun and moon exert 
their greateſt influence when they are in the meridian, yet they continue to 
act ſome time after, from which, and the inertia of the water, it happens 
that the high tide is not at that time; a Table therefore conſtructed upon 
theory alone, muſt neceſſarily want to be corrected. We ſhall therefore 
explain the principles upon which M. D. BER NOUIII has _—_ this 


* 


correction. 
1201. When the fun and moon are in ſyzygies b at Breſt, it appears, from 


the mean of a great number of obſervations, that the high tide happens at 


3h. 28“; and when the ſun is at & and the moon in quadratures at , it happens 
at 83. 40“; the difference is 51. 12. This difference was obſerved to be the 
ſame at Dunkirk, and at other ports, although the abſolute times were different. 
Now let us conſider what is the difference from theory. When the ſun and 
moon are in lyzygies at 6, the high tide is at & at that time, or at 12 o'clock. 
When the moon is in quadratures at g, it is low tide on the earth at &; now 
whilſt the earth is revolving about it's axis fo as to bring this point at h up to 


the moon, the moon is got to v about 3* from g, and by our computation 


(1198) the point z of high tide is about 2* beyond v; hence, the point on the 


earth at 4 at low tide muſt deſcribe an arc h of 95 before it be at the high 
This interval of the two-tides therefore 


then, by computation, this happens at 114, 2, lunar time. Now let us take 
Fat 20 before g, and ſuppoſe the moon at # and the high tide at z”; then, 
by computation, this is found to happen at 34. 5930 lunar time, which gives 


an interval of 44. 57 lunar time, or 54. 8“ ſolar time. This therefore agrees 


very well with the interval between the times of the high tides when the moon 
is in conjunction and quadratures. Hence, to get the true interval of the 
times of the tides, we muſt compute from our theory, by ſuppoſing the moon 


20 behind it's true place, and then we ſhall get the true interval, agreeing 
E E 2 with 
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ON THE TIDES. 


with obſervation. Hence, the following Table was computed, the firſt 
column of which ſhows the moon's true diſtance from the ſun when the moon 


paſſes the meridian, for every 10* from conjunction to oppoſition ; the next 


three columns ſhow- the times of the high ſea in reſpe& to the paſſage of the 
moon over the meridian, for the perigee, mean diſtance and apogee of the. 
moon, and the laſt three ſhow the abſolute hours. 


! 


A TABLE 


\ \ 
: | ON THE TIDES. 4 
A TABLE | 
For finding the Time of the High Tides. | 
E Time of High Tide before and after the True Time of the High Tide 
' © |. Paſſage of the moon over the meridian, | | nearly. 
8 A Perig. of 4. Mean Diſt. 4 Apog. of « Per. of (Me. Diſ. & Apo. of G 
oe 18“ after. | wy after. 27% WIE o 18 [O. 22 | of. 277 
10 91 after. | 112 after. [ 14 after: 4 5 492 05 5 514 H . * 
20 5 56 Yds | * 1.20 | 1. 20 1. 20 
30 91 before. 1112 before. | 14 before. | 1. 30 I 487 1. 46 
40 18 n 5 22 before. 8 n a” _ 18 ; TY 124 
| 50 26 bales 105%. hob: ag: Fa 2. 54 * 48 2. 401 | 
60 | 33 before: | 40 before. 30 before. 93 : 27 3. 20 g 4; 16 | 
70 | 374 before. | 45 before. 56 | before. 4. 1 3% 5 Þ 4-44 
80 382 Ex Riot 464 before. 58 before. 4 1 7 33 * * 
90 51 before. 403 before. | 504 before. 
100 | 21 before. | 25 before. 77 dae. 
110 © | 3 O : 
j 20 | 21 afier' 25 after. 31 after 
[120 | 332 after. 403 after. 504 1 
140 [38 after. 46 after. 58 after. 
I 50 372 after. „ | 56 A 
1160 33 after. 40 alter. 50 Aer. 
170 BOY after. 1 394 after. 
TT Fu a re = 
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1202. This Table gives the true interval of the tides, and alſo the time 
very nearly, upon. ſuppoſition that the luminaries are in the equator, and that 
the effect could take place as ſuppoſed in the theory. But from the inertia 
of. the water, and the obſtructions it meets with in it's paſſage from rocks, 
iſlands, ſhores, &c. this T able cannot exhibit the abſolute time of the high 
tide at every port, which muſt vary according to the effect of theſe circum- 
ſtances, although it ſhows the difference of the times. To determine therefore 
the true time at any port, we muſt find from obſervation what is the difference 
between the true time and that ſhown. by the Table, and then that difference 
added to the time ſhown by the. Table will give the time of the high tide. 
For the ſame obſtacles remaining, there muſt always be nearly the ſame retar- 
dations ; the greater however the tides are, the leſs the-ſame cauſes will retard, 
and the leſs they are, the more they will retard; and accordingly it is found 
from obſervation, that the higheſt tides always come ſooner to their heiglit, 
and the loweſt later, than the calculations give it, the above difference being 
determined from obſervations on the- mean high tides. The declination of 
the luminaries, as it alters the quantity of the tides, and alſo their direction, 
will cauſe ſome ſmall variation of the difference; and the different direction of 


the winds muſt have alſo ſome effect. 


1203. But beſides the ſmall variation of difference ariſing from the decli- 
nation of the ſun and moon for the reaſons in the laſt article, the time will 
alſo be altered from hence, that as 4g is not the equator, the arcs upon it 
will not be the meaſures of the hour angles. As the moon's orbit makes but 


a ſmall angle with the ecliptic, we may ſuppoſe them to coincide. Hence, 


when the moon is in the equator, the arc of the moon's orbit included be- 


tween two meridians : the correſponding arc of the equator :: rad.: coſ. 234“, 


or as 100 : 92; and when the declination is the greateſt, theſe arcs are as 


col. dec. : rad. or as 90: 100. Hence, the numbers in the ſecond, third, 


and fourth columns muſt i in the ner caſe be multiplied by _ , and in the 


: latter by DI Very nearly i in the middle Point between theſe firuations the 


ares will ge 20 and for any intermediate points, we may compute the mul- 
tiplier by the Note, Art. 128. 


1204. From the value of zv in Art. 1197. we may compute the altitude 
of the ſea at any time; and by Art. 1198. we can find the points where the 
tide is high ſt, and at 90 from thence it is loweſt. Thus we can find the 
altitude of he higheſt and loweſt tides for all times, ſuppoſing (as in Art. 
1201.) the moon to be 20° behind it's true place. But this can only give the 


Ls ara altitudes, the true attitudes d very much in different parts, from 
1 their 


' 


. 


ON THE TIDES. 


their ſituation, M. D. BexnovLLi therefore puts 4 and B for the mean 
height of the high tides when the luminaries are in conjunction or oppoſition, 
and when they are in quadratures, to be determined from obſervation ; the 


height of the tide being the aſcent of the water from the low to the high tide. 
Hence, * ＋ n = A, 1 n = =Bb ; therbfore a= LD, n=; and putting 
theſe values for 1 and m, he has conſtructed the following Table, the firſt 
column of which ſhows the diftances of the ſun and moon, at the time the 
moon paſſes the meridian, and the other three ſhow the 3 of. the high 


tides for the Perigee, mean RGA: and. Pages « 15 moon. 
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A TABLE | 


To Show the Height of the ele Tides. 


14 '4 


_ TY 


Alt. in Perigee. 


Alt. at Mean Diſt. 


Alt. in Apogee. 


0,9954 ＋ 0,1 49S, | 


08834+0,1173 


| 9,7954+0,882B | | 


1,1044 46,048Þ 


0,9 7A + 0,030B 


0,8744 + 05021 _ 4 


1, 1384 +0,000B I] 


1,0004 + 0,000B 


0,901A +0,000B 


1. 1044 +0,038B | 


o, 9704. + 0,030B 


| 2,8744+0,02 1B | 


| 2-9954+0,149B 


„934.1775 


0,954 +0,082B | 


0,8 534 +0,3 19B 


0, 7 504. ＋ 0, 2 35 


0,6764 To, 1765 


O 


| 0,6684+0,527B 


ll 0,587 4+0,4138 


o, 52 9A + 0,290B 


O0 
O 


3 
"ow *, * * 


0, 4604 To, 7495 


o, 4134 +0,587B 


| 5,3274 T0, 4125 


0, 2844 ＋0, 9 58 B 


o, 250A +0,7 50 


0,225A Ho, 


| o, 1 334 „1275 


0,1 174 70,8835 


0,105A+0,621B 


| 09,0344 + 1,238B 


0,0 30A + F0,9708 


0,027.4 +0,632B | 


0,0004+ 1,277 


o, o ＋ 1 0008 


Ke 


n 


„ 


0,000A + 0,70 35 


| 0,0344+ 238 


0,0304- + 0,970B 


0,027A + 0,082B 


|< 01334+ I ,127B 


O, 1 174 o, 8835 


o, 10564 Ko, 6215 


f 0,2844+ 0,958B 


0,2 5044 0,7 50 


02254 + O, 5275 


| 0,4604 +0,749B 


0,4134+0,587B 


— — 


„3724 Ko, 4125 


o, 6684 Lo, 527 B 


o, 574 Pf 


o, 5294. O, 29053 


0,8 534 To, 3195 


o, 5044 o, 2 505 


0,6764 Ko, 76 | 


| 0,9954+0,1495 


— 


7954+ es 


— 


o,8834 T, 1175 


— 


5 on THE TIDES. 


It is manifeſt from this Table, that the higheſt tides are when the moon bas 


paſſed conjunction 20% or about 14 days after, 4 the loweſt tides when the 


moon has ſo far paſſed her v1 real 


*1205. We come in ths next place to conſider the effect ariſing from the 
| declination of the moon. It appears by Art. 1196. that the fall of the water 


333 | þ* — 5 


| s 3 
from E to v= u, therefore at P it is n; hence, m — 7 


* mM = =the riſe of the water from P to v3 put therefore c the coſine of the 


- 
5? 


—Þ 
angle EOv to radius unity, and we have cn the height of the water above 
the loweſt point 


1206. Let GBAH be a meridian of the earth paſſing through the moon 
vertical to B, AG the axis of the earth, DMK the equator, and CEL any pa- 


rallel to it, and aſſume E any place; then will the diameter BH be the axis of 


the ſpheroid, which, as it differs but very little from a ſphere, may be regarded 
as ſuch, ſo far as reſpects the triangles on it's ſurface. Put therefore radius = x, 
SZ ſine of AB, C=it's coſine, s=ſine of AE, c it's coſine, y coſine of the angle 
BAE, and q=cofine of BE; then, by Spherical Trigonometry, q=Ssy+Cc; 
therefore, by the laſt Article, $5y + Cc x m=the height of the water above the 
loweſt point. Hence, we may conſider the following caſes. 


I. Let e be the point where the water is loweſt ; then Sy Cc So, hence, 


y = F the coſine of Bde. 


II. When C=s, and rand; then y= — 1, therefore the angle CAe=180?, 


and conſequently e coincides with L. Hence, when the latitude of the place 
the complement of the moon's declination, the low tide happens at L, diſtant 
from the high tide at C twelve hours; in this caſe therefore there 1s only one 


high and one low tide in twenty-four hours. 


III. Whens is leſs than C, or when the diſtance of the place from the ON 
is leſs than the moon's declination, then Sy + Cc* x m never can become So, 


within the limits of y. Hence, the altitude diminiſhes from the paſlage of the 


moon over the meridian to the oppoſite meridian ; and conſequently from the 
parallel whoſe diſtance from the pole = the moon's declination, to the pole, 


there is only one high and one low tide- in twenty- -four lunar hours. And if 


we make y=1, and y=—1, we have Fir Ce x= Ce- SS m=485Crm 
for the difference of the altitudes of the two tides. 


Vo“. II. CY = IV. When | 


W 
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IV. When the declination of the moon is equal to the latitude of the place, 
Ss, Cc, and make y=1+ hence, Ss +Cr=8*+C*=1 ; therefore the 
greateſt altitude = n; alſo y (Caſe I.) = 85 == =col. BAe. 

v. When the moon is in the . . 1, C=o, and thę aktitude-of the 
tide = em, which therefore varies as the ſquare of the coſine of latitude. 
Hence, in this caſe, at the pole there is no tide. 

VI. The height of the tide when the moon paſſes the meridian = Sr TCC, 
and when the moon is at the oppoſite meridian the height is — $5+ Co x n. 
Hence, when the moon is in the equator C So, and the height of both tides 
are equal. To a place on the north of the equator, when the moon has ſouth 
declination, C becomes negative, and the latter tides are the greateſt; but 
when the moon has north declination, C is poſitive, and the former is the 
greateſt. Hence, to us in this caſe, the high tide is greater when the moon is 
above the horizon than when below. In all caſes, e is nearer to or further 


from C, according as y ( = $3) is poſitive or negative. The difference of the 


two tides is always = 4S$s Com. 

VII. The height of the two tides when the moon paſſes the meridian being 
Fr cc xm and — $5+Cc n, the mean height is $%*+ C x m. 

VIII. Hence, the ſame north and ſouth declination of the moon give the 
ſame mean altitude. This is p 's by obſervations. 

IX. In latitude 45%, S“ C=; hence, the mean altitude x 5*+* x m 
=} mz therefore whatever " the declination of the moon, the mean altitude 
is, 1n this latitude, always the ſame, Hence, 1 in our latitude, the mean altitude 


will vary but very little. 
X. Under the equator, the mean height =S*m, which therefore varies as the 


ſquare of: the coſine of the moon's declination. 


1207. As the tides riſe from the eollecting of the waters on the whole ſur- 
face of the main ſea, if there be any quantities of water ſeparated from it, the 
variation muſt be proportionally ſmaller. For if * be a ſmall ſurface of water 
detached from the reſt, it's ſurface will put on the figure xs ſimilar to dt, 
conſequently the variation xr from the mean altitude muſt be very ſmall... 
Hence, there have never been any tides obſerved in the Caſpian ſea; for from 
the dimenſions of that ſea, the greateſt altitude will not be above 14 inches at 
the eaſtern and weſtern extremities, according to M. de la LAx DE, who has. 
corrected an error made by M. D. Bzxxxnoviti in his computation ; and it 
is manifeſt, that the middle of the ſea will never be affected. Very ſmall tides: 
have been. obſerved in the Black ſea, which, from it's connection with the 
Mediterrancan 
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ON THE TIDES. 


Mediterranean ſea only by a very ſmall paſſage, may be conſidered as a de- 


tached fea, The Mediterranean ſea is connected to the main ſea only by a 
narrow paſlage at Gibraltar, ſo that only a {mall quantity of tide from the open 
ſea can flow in, and the ſea itſelf is not large enough to produce any very 
ſenſible tidesz accordingly we find the tides there to be but very ſmall. The 
beſt obſervations are thoſe which have been made by M. le Chevalier ꝙAxcos 
at Toulon, from which it appears, that the tides produce a variation of about 
one foot in the height of the water. There were n greater variations, 
but thoſe appeared to ariſe from high winds. 

1208. The general phænomena of the tides from een agree very 
well with the concluſions deduced from the theory of gravity; indeed much 
more accurately than could have been expected, when we -confider how many 
circumſtances there are which take place, and which cannot be reduced to 
computation, The theory ſuppoſes the whole ſurface of the earth to be covered 
with deep waters—that there is no inertia of the waters—that the major axis 
of the ſpheroid is conſtantly directed to the moon, and that there is an equili- 
brium of all the parts. But the inertia of the waters will make them continue 
to riſe after they have paſſed the moon, although the action of the moon begins 
to decreaſe, and they come to their greateſt altitude in the open ſeas about 


three hours after, at which time there is not a general equilibrium, but the 


waters riſe and fall by a reciprocation ; hence, the longeſt axis is not directed 
to the moon, nor is the figure a perfect ſpheroidd—The waters have not a free 
motion on account of the ſhallow places, rocks, iflands and continents, the 
force of currents and winds; alſo, as the waters approach the equator where 
the earth has a greater velocity about it's axis, they muſt neceſſarily be left 
behind and obſtruct the regular motion of the water when it moves from weſt 
to eaſt, but conſpire with that from eaſt to weſt. All theſe circumſtances 
muſt affect the meaſures of the phenomena as deduced from theory; it may 
however in many caſes give the relative meaſures without any great error, ſo 
that by accurate obſervations once made on their abſolute quantity in ſome one 
particular caſe, the meaſures, in all other caſes, may be aſcertained to a con- 
ſiderable degree of accuracy. 

1209. If a place communicate with two ſeas, or has two inlets to the ſame 
ſea, two tides may arrive at that place at different times, and produce various 
phenomena. An inſtance of this kind takes place at Batſha, a port in the 
kingdom of Tunquin in the Eaſt Indies, in 20%. 50 north latitude. The day 


in which the moon paſſes the equator the water ſtagnates; as the moon recedes 
from the equator towards the north, the water begins to riſe and fall once a 
day; and it is high water at the ſetting of the moon, and low water at it's 


riſing. This daily tide increaſes for ſix or eight days, and then decreaſes for 
FF 2 the 
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in thoſe places whoſe ſituation expoſes them to ſuch irregularities. 


'ON THE TIDES, 


the ſame time by the ſame degrees, and the motion ceaſes when the moon has 
returned to the equator. When it has paſſed the equator, and approaches the 
ſouth pole, the water riſes and falls as before, but it is now high water at the 
Tiſing, and low water at the ſetting of the moon. Sir I. NEwToN thus accounts 
for this phænomenon. There are two inlets to this port, one from the Chineſe 


ocean between the continent and the Manillas, the other from the Indian 


ocean between the continent and Borneo; and he ſuppoſes that a tide may 
arrive at Batſha, through one inlet, at the third hour of the moon, and through 
the other inlet, ſix hours after; and ſuppoſing theſe tides to be equal, one 
flowing in whilſt the other flows out, the water muſt ſtagnate. Now they are 
equal when the moon is in the equator ; but as the moon begins to decline on 
the ſame ſide of the equator with Batſha, the diurnal tides exceed the nocturnal 
(as appears by the foregoing principles), ſo that two greater and two lefler tides 

muſt arrive at Batſha by turns. The difference of theſe will produce a — 4 

of the water, which will riſe to it's greateſt height at the mean time between 


the two greateſt tides, and fall loweſt at the mean time between the two loweſt 


tides ; ſo that it will be high water about the ſixth hour at the ſetting of the 
moon, and low water at it's riſing. When the moon has got to the other ſide 


of the equator, the nocturnal tide will exceed: the diurnal ; and therefore the 
high water will be at the riſing, and low water at the ſetting of the moon: 


— 


Theſe principles will account for other extraordinary tides which are obſerved 
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'ON u PRINCIPLES oF PROJECTION, AND THE CONSTRUCTION oF 


GEOGRAPHICAL MATS. * 


— 


Art. 1210. T* E * projeign of an object is it's repreſentation. upon a 


plane, and is formed by drawing lines from the eye to the 


plane through every point of the object; and according to different ſituations 


of the eye, the object, and the plane, the repreſentations will be different. 


The projection, in order to be perfect, ſhould be a perfect repreſentation of the 


object, that is, the proportion and relative fituation of all the parts of the 
figure ſhould be the ſame as in the object; but in the conſtruction of 
geographical maps, this is not practicable; it being impoſſible to give a true 
repreſentation of a ſpherical ſurface upon a plane, retaining the true proportion 
of the figures, magnitudes and poſitions of the: countries, - with the relative 


degrees of latitude and longitude. We will firſt ſhow-the principles of the 


different projections, and then apply them to our * nN 


On the Orthographic Projection. 5 
1211. If the eye be ſuppoſed to be at an indefinitely great diſtance, ſo 
that all the lines drawn from it to the object may be conſidered as parallel, 
and alſo perpendicular to the plans of e che Wann is called 


Orthographic. 
1212. The figure of a ſtraight line AB is a fmight line in the projection 


For draw AE, BD perpendicular to xy the plane of the projection, and join 


ED, and it will repreſent the interſection of the plane paſſing through EABD 
with the plane of projection; draw m# perpendicular to ED, and à is the 


projection of n; thus it appears that ED is the projection of AB. Draw AC. 
parallel to ED, then ACDE 1s a parallelogram, and AC=ED; AC may 
therefore repreſent the projection of AB. Hence, if we want to make the re- 


preſentation upon a plane at a diſtance from the body, it will be all the ſame. if 


we ſuppoſe the plane to touch the body, the paralleliſm of the pine remaining 


the ſame... 


1213. The: 


| 
| 
| 
j 
| 
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Fs. 1213. The figure of the projection of a circle is an ellipſe. For let-4BC 
249. be a ſemicircle conceived to be inclined to the plane of the paper, which we 
will make the plane of projection; draw BE perpendicular to that plane, and 

ED, BD perpendicular to the diameter'AG, then ED is the projection of BD 
(1212). By the property of the circle, .AD x DC=BD*; but as the angle 
BDE is conſtant, being the inclination of the cirele to the plane of projection, 

BD is to DE in a conſtant ratio, namely, that of radius to the coſine of BDE; 
therefore DE varies as BD, and conſequently DE* varies: as BD*; hence, 
AD x DC varies as DE“, which is the property of an ellipſe; the curve AEC 

is therefore an ellipſe, And by the laſt article it appears, that the projection 
will be the ſame, at; whatever diſtance the circle i is from the plane of projection. 
Let O be the center, and draw Op, O perpendicular to AG, then Oi is 
N the minor axis hence, to the radius of the circle, the minor axis is the 
coſine of the inclination of the circle to the plane of projection. If the circle 
be * to tha! ns of eee, the | will be a circle equal 

to 1 N | 

1214. By: the opting of he ape an. red, the area. 4BC : the area 
AEC 1 BD: ED fad. coſ. BDE; hence, the area of the circle will be 
diminiſhed by this projection in the ratio of radius: coſine of the inclination 
of the plane of the body to the plane of projection. And this muſt manifeſtly 
be true whatever be the form of the body ABC (conſidered as a plane), becauſe 
every line in the body is to it's correſponding line in the projection in that 

ratio. Alſo, the projection is not ſimilar to the body. Hence, equal parts 
upon the ſurface of a Shore will not be pagjotted into parts either equal or 

OM: 

215. If ABC be OI TY to the plane of projection, E and D coin- 
| . and D is the projection of B; thus the circle 45 C is projected into it's 
diameter; the arc AB is projected into it's verſed fine 4D, and B is projected 
into DO, which: is equal to the ſine of BP, or the coſine of AB. If AB = 609, 
then BP zo, and AD=DO; theſe two arcs therefore, one of which is 
double of the other, have their projections equal. This projection is uſed in 
the. bun af e en . . 


L 
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ON THE PRINCIPLES OF: PROJECTION. 


On ** Sercogrphic Proj. 

1216. Let an eye be ſituated any while upon the ſurface of a bete, and 
from it draw a diameter, and perpendicular to this diameter draw a great circle; 
then if all the circles in the hemiſphere oppoſite to the eye be projected upon 
that great circle by lines drawn to the eye, the projection 1 is called Stereographic, 
and the point oppoſite to the eye is called the Pole. me 

1217. Let ER be a ſphere whoſe center is O, E the place of the 
eye, draw the diameter E OP, and OR perpendicular to it, repreſent ing the 
plane of projection; draw ECA, EDB, and join BO. Now DO is the pro- 
jection of PB; but DO.is the tangent of the angle DEO BOP. Hence, 
the projection of a an arc meaſured from the pole i is equal to. the tangent of half 

that arc. 


1218. Conceive the chord AB to be the diameter of a circle deſcribed upon 


the ſurface, and let AEB repreſent a cone having that circle for it's baſe. Draw 


BG parallel to 9R; ; then the are ERH EG, therefore the angle EAB EBG 


= (as BG is parallel to R) EDC; therefore as CD, AB repreſent two ſections 


of the cone cutting it's ſides at the ſame angle, the ſections muſt be ſimilar; 


but the ſection 4B is a circle; therefore the ſection CD is a circle. Hence, 
the projection of every circle is a circle. 


1219. Join EG; then BG being the diameter of a circle parallel to the” 


plane of pe, DH will be the diameter of the circle of projection, whoſe 
center is O. Hence, the projection of all circles parallel to the plane of pro- 


jection will be concentric circles, the radii of which are the Fangents of half 


the diftances of the circles from the poles. 


1220. The projection of the are QR is the ſtraight line OR; and the 


ſame for every great circle paſſing through P. 


1221. Produce BO to J, join EI, and produce it to meet Q produced 


in K, and biſect DK in r; then conſidering BOLT as the diameter of a circle 


whoſe plane is inclined to the plane of projection in the angle 205, DK will 
be the diameter of the projection of that circle (1216). Now DK=O&K+0D- 


tan OEK + tan. OED=tan. 3 PI+ tan. 3 PB = cot. Z PB + tan. 1 PB 


2p 2 2 coſec. PB = 2 ſec. OB; therefore z DK ſec. B. Hence, the 


radius of projection of any great circle is the ſecant of the angle between the 
plane of the circle and the plane of projection. From theſe four articles it 
appears, that the projection of the parts of the ſphere will not t properly repreſent 
in magnitude and fituation, the parts themſelves. . 


1222, If 
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1222. If E be the pole of che earth, the meridians (as they paſs through P) 

will be projected into ſtraight lines (1220) ; ; and the parallels to the equator 

will be projected into cireles whoſe center is O (1219). And if BOI be the 

diameter of the ecliptic, DK is it's projection , This is called the Polar 
projection, and was uſed by ProLEMY. | 

1223. If EQPR be the equator, then the ae on the ſphere 1 vertical to 
O will be the pole, and BOI will be the diameter of any meridian. And if 
A be the paint from which the longitude is reckoned; then the prqjection of - 

che radius of that meridian will be the ſecant of it's longitude (1221). 

1224. To find the projection of the parallels of latitude, let EO repreſent 
the plane of the equator, the repreſentation being a ſtraight line paſſing through 
tbe eye, then IG is the diameter of a parallel, the projection of which is 
HR OK -OH tan. 4 PI- tan. 4 PG=cot. 4 EI tan. 3 PG=cot. 3 PG 

— tan. 3 PG = 2 cot. PG; Hence, the. radius of the projection of the 

. Pa is che cot. of their latitudes. This is called an ** pro- 
jection. | 

1225. The ſtereographie projection i: is very convenient for practice, as all 

the circles are projected into circles or ſtraight lines, which are more eaſily 


Gelen than * other 5. 


On M ER ca ATOR' Projeion. b 
Fi. 1226. Let P be the pole of 5 earth, ſuppoſed to be a ſphere, EQ the 
251. equator, PE, PR two meridians, mn a ſmall circle parallel to ER, PC the 
radius of the earth, mr, nr perpendicular to it, and join EC, RC. Then, 
mr, ur being parallel to EC, RC reſpectively, the angle u ECR; hence, 
by ſimilar ſectors, ER: mnu:: EC: mr; but when the angle is given, the arc 
of a degree is in proportion to the radius; alſo the length of a degree of the 
great circle ER is equal to a degree of latitude, and the length of a degree of 
the circle mu is a degree of longitude. Hence, a degree of latitude : a degree 
of longitude :: EC: mr :: radius: coſine of latitude. 

1227. In this projection, the ſphere is projected upon a plane, and the 
meridians EP, RP are projected into ſtraight and parallel lines; conſequently 
P in the projection muſt be at an infinite diſtance from E . In this caſe, 
the arc m being the fame for all latitudes, the length of a degree of longitude 

is every where the ſame ; to preſerve therefore the proper proportion between 
the degrees of latitude and longitude, the degrees of latitude muſt increaſe as 
you go from the equator, ſo that they may always be to a degree of longitude 
in the proportion of radius: coſine of latitude. _ 0 | 
1228. Let 


5 
* 


ON THE PRINCIPLES OF PROJECTION. 


1228. Let P be the pole, E the equator, PC the axis of the earth, C the 


center, m a place on the ſurface; draw mr-perpendicular to P, and join C, 
mY, Hut Cm=r, Em=x, Gr (the fine of Em the latitude of m) , and the 


length of Em on the projection =z, called the Meridional Parts. Then 


7X 2 
1220 f col. of lat.): r :: * : * C — but x = - 
2 ra OP 275 r+y- | 
hence, S= j f pm 13 therefore ; $ = 2 x h. 1. a * cor. =” X 


| ry 1 IBS | 8 | P 42 We | 
h. I. * — Tcor. But by * Trigonomerry, VF = (mr) : r+y (r2) 


. = 
9 * 


r (rad.) : 5 x —< = the thngent of the angle m cotan. of 


un cotan. of Ar Cm = Scotan. of half the complement of latitude. Hence, 


WH = * cotan. comp. lat. ; conſequently z=r>b l. cotan. 4 comp. lat. 
r-y SH” r 
++ cor. ; but whea om cotan. 4 comp. lat. =r; therefore the laſt equation 


7 +Cor. = rx h. I. 1+cor. =o cor. chniequently the 


becomes o=rxh.1. 


correction = o; hence, z r* h. | — 2 2 lat. 
lat, r* h. I. 7 the length of the meridian Em on the projection. If therefore 
we take the latitude = 15, 2, 3. . go”, we can conſtruct a Table ſhowing 
the length of the meridian on the projection for every degree of latitude. In 
like manner it may be conſtructed for n minute Such a Table is called 


a Table of Meridional Parts. 

1229. If we take the earth of it's true figure, that of a ſpheroid, we may 
compute the meridional parts upon tlie ſame principles; ; but we ſhall not here 
give the inveſtigation, as we only want to explain the nature of this projection, 
ſo far as it may be neceſſary to ſhow how the charts are conſtructed. If we 
aſſume Sir I. NEwTrox's ratio of the diameters of the earth, for 0 latitude 
the difference of the meridional parts on a ſphere and ſpheroid will not be above 


r x h. I. cotan. 5 comp. 


the Goth part of the whole. It is manifeſt that this projection cannot give 


the true proportion of the parts of the earth; for the figure of the part ERam 
on the projection would be a parallelogram. It 1s however very convenient for 
navigation, becauſe the rumbs are all projected into ſtraight lines; for the 


a meridians being all ſtraight and parallel lines, the line which cuts them all at 
the fame angle muſt be a right line, which is the property of the rumb 


- 


(237). 
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On. the. Conftruftion of Maps. 


1230. A map is the repreſentation of the whole; or part of the ſurface of the 
earth upon a plane; and to be perfect it ought; f/f, to ſhow the true latitude 
and longitude of every place; ſecondly, it ought to ſhow all countries of their 
proper figures and magnitudes; thirdly, the relative ſituations of the countries 
ſhould. be truly laid down. But. all theſe circumſtances cannot take place in 
any conſtruction, as has been already obſerved; conſequently no map upon 


à plane can be a true RIVERS of the” countries upon the earth's ſur- 


face. 
1231. A Rumb upon the globe is a line which cuts al the meridians at the 


ſame angle. Let Eg, be the equator, P the pole, PE, PR two meridians, 
and Asmv a rumb, then the angle Pom Pn. Draw the ſmall circle mn 
parallel to EQ, and conceive PE, PR to be indefinitely near each other; 
then. we may conſider the. triangle 5x to be a plane one; hence, m: gn: 
rad. : coſ. uam; but the angle 1 is conſtant for the-ſame rumb; therefore 
smn zn in a-conſtant ratio; that is, as the rumb approaches the pole, the in- 
crement of the rumb : the correſponding increment of it's latitude in a con- 
ſtant ratio; therefore, componendo, the whole increafe of the rumb : the 


| whole correſponding - increaſe of latitude in the ſame conſtant ratio. When 
therefore a ſhip runs upon a rumb; and varies it's latitude Ly for inſtance, if it 


continue on the ſame rumb and deſcribe the ſame ſpace, it will have altered 


it's latitude again 5*. In general, equal parts of the ſame rumb are contained 
between * parallels of latitude... 


The Onhographic Projeion of Maps. 


1232. Let Fis: 254. repreſent. the thats projeRicn” of the earth 


upon the plane of the meridian, P, p repreſenting the poles, and E&A the 
_ equator. Then the meridians are all projected into ellipſes (1213), whoſe 


ſemi- minor axes Oa, Ob, Oc, Od are the coſines of the diſtances of the 


meridians from PEB and as the coſines of the meridians near PE vary 
but very flowly, thoſe meridians will be crowded together, and the figures of 


the countries very much contracted i in longitude. The parallels of latitude 
_ being 


% 
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being perpendicular to the plane of projection, will (1215) be projected into 
right lines in their proper proportion. This is called a Meridional pro- 


jection. 
1233. If the projeftion be made upon the plane of the equator EQUA, 


as in Fi6. 255, the meridiaas will be projected into right lines (1215), and 


the parallels of latitude into circles concentric with EUA (1213). But 


theſe circles diminiſhing ſlowly near the equator, will be there crowded toge- 
ther, and the figures of the countries will there be very much contracted in 
latitude. The contraction of the extreme parts of the map therefore, with 
the objeCtions before ſtated, render this projection very unfit for the conſtruction 
of maps. This is called an Equatorial projection. 


* 


The Stereographic Projefion of Maps. 

1234. Let PE be a meridian upon which the projection is to be made, 
P, p, the poles, E the equator, and E the point from which the longitude 
1s reckoned. Now the meridians are projected into circles, the radii of which 
are the ſecants of their diſtances from PEp (1221). Suppoſe therefore it were 
required to deſcribe the meridian whoſe longitude is 60%. Now confidering 
the radius PO as unity, the ſecant of 60 is 2; with an extent of compaſs 
therefore equal to 2, ſet one foot in P, and extend the other to £2 (produced 
in this caſe), and with that point as a center deſcribe the circle Pdp, and it 
will be the true projection of that meridian. And thus all the required meri- 
dians may be drawn. 

1235. To deſcribe the circles of latitude, their radii will be the cotangents 
of the latitude (1224). Let it therefore be required to deſcribe the parallel 
of 60%. Take Ea=60?, and with an extent of compaſs =0,577 the catangent 
of 60?, ſet one foot in à and extend the other to P (produced), and with 
that point as a center deſcribe the circle ach, and it will be the projection of 
that parallel. In like manner may the ather parallels be drawn, as many as 
may be required. 

1236. Having laid down the meridians and parallels of W for this half 
of the earth, draw another equal circle BAC V touching the former at , and 
upen that deſcribe the meridians and parallels of latitude in like manner; and 


the projection of the earth will be divided into latitude and loagitude; then 
draw the countries, laying down the places according to their reipective latitudes 


and W and the map will be compleated. This is called a Meridiana 
G G 2 projection ; 
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ON THE CONSTRUCTION OF MAPS, 


projection; and is the method commonly made uſe of in the conſtruction of 
maps. | 
1237. If the eye be at the pole P, the projection i is made upon the equator 
EQUA; and here all the meridians are projected into ſtraight lines (1222), 
the planes of the meridians being all perpendicular to the plane of projection; 
and the parallels of latitude are projected into circles (1219), the radii of 
which are the tangents of half the diſtances of the parallels from the pole. 
This is called an Equatorial projection. The rumb line 45 in this projection 
is manifeſtly the logarithmic ſpiral ; as it is alſo in the equatorial orthographic 
projection. 

1238. To make a projection upon the horizon of any place, the eye is ſup- 


poſed to be oppoſite to that place. In this caſe, the pole is projected within 


the circle of projection, and it's diſtance OP from the center O is equal to the 
tangent of half the compliment of latitude (1217). The meridians are drawn 
by Art. 1221. This projection 4 called Horizontal, and is repreſented in 


Fi. 258. 


1239. There is another 3 projection called Globutar, which differs 
from the above, only in it's placing the meridians in the projection at equal 
diflances from each other, which comes nearer to the nature of the globe; 
and maps are frequently. thus conſtructed. 


On MERCATOR's Projection of Maps. 


1240. This projection is of great uſe in navigation, on account of it's 


being conſtrued by right lines only, and no others are neceſſary in it's 


uſe. The moſt convenient way for a ſhip in going from one place to another 
is always to fail upon one point of the compaſs, or upon the ſame rumb 
(1231); and by means of this projection you can determine immediately what 
rumb you are to fail upon. For let Fis. 259. repreſent a partial map of 
this conſtruction; AB repreſenting 4* of longitude, and 4 C perpendicular to 
it, 4 of latitude; the former degrees are equal, and the latter are increaſing 
(1227), and are to be laid down by a Table of meridional parts (1228). 
Suppoſe a ſhip wants to go from à in longitude 7*-and'latitude 31*, to 5 in 
longitude 10 and latitude 33˙ and it is required to find the rumb it muſt 
fail upon. Join 4 and that is the rumb (1229). Now to determine what 
rumb this is, there is always in theſe maps, one or more points from which 

| - are 
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are drawn thirty-two ſtraight lines repreſenting the thirty-two points of the 


compaſs, and you may eaſily diſcover to which of theſe lines, or neareſt to 
which, ab is parallel, and thus you get the point of the compaſs you are to 
fail upon. For this purpoſe, a parallel ruler may be very uſeful, laying one 


edge to coincide with ab, and bringing the other edge over the point from 
which the lines of the compaſs are dn. 


wo 
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ON THE USE OF INTERPOLATIONS IN ASTRONOMY. 


— 


Art. 1241. FF any quantity vary, and it's value at certain intervals of time 
be known, it is the buſineſs of interpolation to find it's value, 
accurately, or nearly fo, at any other point of time. In Aſtronomy, the 


quantities between which we want to interpolate are of ſuch a nature, that if 


they be taken at equal intervals of time, and you take their differences, and 


the differences of thoſe differences, and ſo on, the laſt differences will become 


accurately, or nearly equal to nothing. Hence, if * repreſent the interval from 
the firſt time at which: the value of the quantity was taken, and y be the value 
of che quantity correſponding, then may y be repreſented by A+B x x +C x x 
xx=1+Dxaxx=1xx=-2+&c, for if we take 7 terms, and for x write 


any equidiſtant ſet of numbers, as o, 1, 2, 3, 4, &c. the r* differences of 


the reſults, or of the values of 3, will become equal to nothing. 


For take two terms, 444, and re.) write o, I, 2, 3, 4. &c. and we 


5 
A+B 
A+2B 
A+38B 


have theſe reſults, | 20 ks 


The firſt Abs of which are B, and the Gat differences So. 


Take three terms, A+Bx+Cx xx x — *— 1; ; aud for x write o, 1, 2, 3, 4, 
&c. and we have theſe reſults, | | 


| | * . 8 

| SF, 5 1 
| A+2B+2C 
 A+3B+6C- 

A+4B+12C 


| The 
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The firſt differences of which ares 


B+2C. 
B+4C 
B+6G 


The ſecond differences ures Gy and the third differences = O. 
Thus it:appears, that the laſt differences will always become o. 


1242. In general therefore, let che ſucceſſive values of y be a, b, c, 4 &c 
and let it be required to find the coefficients A, B, C, &c. Firſt take the 


ſucceſſive differences thus, 


w 


a, b, C, =. &c. 
5 - a, c=b, dc, &c. 
4 2540, d- 20 b, 1 
d- 30 35 - 4, &c. 
„„ 


And put P=b—-a, WASTES R=d—3c+36—a, &Cc. Now for & 


write o, 1, 2, 3, 4, &c. and the ſucceſſive correſponding values of y being 
a, b, c, d, &c. we have the following equations, a= A, b= 4 +B, C=A+2B+ 


2C, d=A+3B+6C+6D, &c. Hence, A=a; B=b=a=P; C= <= 


2 
_c=2bha 98. d — A—3B—6C _ d-43c+3b—a | KR 
= 2 * 3 D = — 6 5 3 _ 8 7 3? - CC. 


1 — 1 R x R X IXX—2- 


therefore y=a+ Px+ LTH, Pn : +&c. where the 


law of continuation is manifeſt. Hence, if a, b, c, d, &c. be the values of a 
variable quantity taken at any ſucceſſive equal intervals of time, beginning at any 
inſtant, and if ſuch be their law that their laſt differences always become So, 


we ſhall get at any intermediate time the accurate value of that quantity, be- 
cauſe then all it's intermediate values follow the ſame law as the values of y 
from the equation; but if the differences do not at laſt become accurately =o, . 


we ſhall then get only an approximate value, becauſe then the intermediate 


values do not follow accurately the ſame law, whereas the values of y found 
from our equation muſt always follow the ſame law, and therefore the value of 
y will be only an approximation to the value of the quantity at any intermediate 


time 


| 
| 
| 
| 
| 
| 
| 
1 
| 
| 
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time between thoſe at which y was aſſumed accurately equal to it; the ap- 
proximation however will be ſufficiently accurate for all practical purpoſes, 
provided the differences become at laſt very ſmall, which is the caſe in the 
application of this rule to interpolations in Aſtronomy. The ule of interpo- 
lations is therefore to determine the place of a body, or the value of a quantity, 


at any time, from knowing the place or value at three or four times near to 
, 


the given time. 


1243. But beſides the uſe of the above equation to find the value of any 


term of a ſeries from it's poſition being given, the converſe is often required, 
that is, having given any term to find it's. poſition or diſtance from the firſt 
term. In this caſe, we have the value of y given to find x, which will be 


determined from the ſolution of the equation, which will riſe in it's dimenſions 
as it may be neceffary to increaſe the number of terms, and this depends upon 


how many orders of differences you muſt take before they become equal to 


nothing. 


ExAMPLE I. On March, 178 3, the ſun's declination at, noon at Greemeich, 


by the Nautical en, was as follows: on the 19th N. 28“. 41“ . 


Sa; on the 2oth N. 5 300 2b; on the 21ſt S. 18“. 41“ — 1121“ =c; 


to find the time of the equinox. 


The value of e is here written negative, becauſe the declination has paſſed 


through o. Kren we Proceed thus, 


| 1721, 300, 21121, 
Here a = 17/21, P=— 1421; hence, y = 1721 1421 * x; now when the ſun 


comes to the equator, y, the declination, becomes =o, therefore 1721 — 1421 


* . and x = 1221 1% 5 3'. 53“ the time from the 19th; hence, 


204. 5h. 3“, 53” 18 the time ney. 


. 


If at any place we obſerve the ſun's declination for three or four days 
at the equinox by the aſtronomical quadrant, we may thus determine the 
time at that place when the ſun comes to the equator, without the Ern 


meris. 


A : EXAMPLE 
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EXAMPLE II. To find the time, from the Nautical Almanac, when the 
ſun entered the tropic in June, 178 3. 


The ſun enters the tropic when it's longitude is three ſigns. Here y repre- 
ſents the longitude; let us therefore take three longitudes the neareſt to the 
time, which in this caſe will be a ſufficient number. Now on the 2oth day 
the longitude is 2. 28. 55. )“, on the 21ſt it is 2*. 29. 52“. 21“ and on the 
22d it is 30. O. 49“. 34”; but it will render the operation a little more ſimple, 
that is, the numbers will be ſmaller, if we take from each two ſigns, in which 
caſe it is manifeſt that y begins at tlie beginning of the third ſign, and conſe- 
quently when y becomes equal to one ſign the ſun enters the tropic. Therefore 
28. 55%. 7 . 104107“ =a, 29% 52. 217 10/541“ 3, 1“. o. 49“. 34 
110974“ ; hence, | | | 


104107, 107541, 110974, 


3434» 3433 
1. N 


Here P = 3434, and Q=1 , which being ſo very ſmall compared with P, we 
may omit it; conſequently y= 104107 +3434#3 but at the tropic, y=1 ſign 


= 108000”; hence, 108000 = 104107 + 3434 , therefore x = _ = 


1d. 3h. 12/, 28” the time from the 2oth day, and therefore the ſun enters the 
tropic the 21d. 34. 12'. 28%. 


ExAMPLE III. Given five places of a Comet as follows; on November. 9. 


at 8. 17 in Cancer 2. 30 150 a; on the 6th at 8 fl. 17 in . 7 24 ; 
on the 7th at 8h. 17 in 6. ee on the 8th at 84. 17 in 99. 10 
550 ; on the gth at 84. 17 in 129, 40'= =760'=e; to find it's Place on the 


7th at 144. 17. 


Firſt, ſubtra& 5d. 97. 17 from 7d. 14h, 17 and there remains 2d. 6. 2,25 


for the interval of time between the firſt obſervation and the given time at 
which the place is required; this therefore is the value of x to which we want 


to find the correſponding value of y; hence, 


150, 24), 389, 550, 760, 
97 133 170, 210, 
36, 37. 40, 
„ 
2. 


| Vor. II. | H . Here 


% 
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Here P== 97, R= 36, R=1, S=2; hence, y=150+97 x 2:25+32 « 2,25 


I 
* s- 2,25 X 1,25 X 2572 


52 \ 


2. *: | , 
4 Ys 252% * 1,25 K „25 * „f = 418 96 
= 6". 58“. 57” the place required. . wig 5 


a” 


— 


EX AMPLE IV. In October, 1788, the Moors declination at noon at 
Greenwich appears, from the Nautical Almanac, to have been as follows ; on 
the gth S. 12“. 42 576 ]; on the 10th S. 8“. 44 = 524 =; on the 11th 
8, 4 24 =264'=c; on the 12th N. oe. 10 d; on the 13th N.—4*. 49 
= — 289'=e; to find the declination on the roth at 67. 73 


, 6x: = | 8 5 
Firſt, 1d. 6h. 30 38 is the interval of time from the gth to the given 
time, or the value of x; and the values of y are the declinations, thoſe being 
written negative which are north, the declination having paſſed through o; 
hence, 


— 


702, 52455 264, — IQ, 2289, 9 4. 
— 238, — 260, —274, — 279, 
22, 145, 5» 


Here P= 238, = 22, R=—8, S=—1; conſequently y=762 = 238 x 2 


: 48 
8 22 « 2 3 I 6x 19 35 
TI WB. B23 48 48 48 2:34 48 38 © © 48 


* — 435 but the terms after the three firſt are ſo ſmall that they may be neg⸗ 


lected, and therefore the ſecond differences are ſufficient for our Purpoſe ; "oP 
W JF: 43x” the declination e | | 


EXAMPLE V. The Moon's longitude at noon at Greenwich in September, 
1788, was as follows; on the 16th of; 5*. 9“ 18" B3P557" =6; on the 17th 
of. 17% 47 - $6 64948" =3; on the 18th 147. oe. 36% 1 2110172“ Sc; on 
the 19th 1“. 13% 360. 1 52156961“ ; to ind 1 it's longitude on the 15th 


at 64. 


Here 
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Here x=14. 64.=1,25 the interval between the firſt given time and the 
time at which the longitude is required; hence, 


18552, 64046, 110172, 156961, 


45494, 46126, 46789, 
632, 663, 


31. 
| Here P=45494, 2=632, R=31; but it will be ſufficient here to go only to 


the ſecond differences, as the value of the third would produce an effect only 


of one ſecond ; hence, y= 18552 +45494 X I 254+ x I,z25X,256=75518" 
20%. 58. 38“ the longitude at the given time. 


ExamPeLE VI. In June, 1740, the place of Mercury in it's orbit at noon 
was found from obſervation to have been on the 14th in Aries 25. 4. 30“ 
od bein on the 15th in 75 7. Funn on the 16th in 129. 19“. 30“ 
=44370”"=c; on the Cindy in 19%. 41“. 44 2 63704“ d; to find it's place on 
the 15th at 6/. 


Here = Id. 61. = 1, 25 the interval between the firſt given time and that 
at c which the place 1s required ; hence, 


7470, 26627, 44370, 63704, 
18157, 18743, 19334» 
386, 3915 
. 


Therefore y=7470+18157x1,25 +522 x I,25 x 25 = 8%, 260 9 3 the place 


required, omitting tlie conſideration = the laſt difference, as it would not 
affect the concluſion +5 of a ſecond. ; 


. ce y repreſents the velocity with which y increaſes or decreaſes, | 
therefore to determine that velocity, take the fluxion. of both ſides of the 


equation and you will get the relation between y and x. Hence, if we ſub- 


ſtitute for x any interval of time, we ſhall get the quantity by which y would 


be increaſed in that time with the velocity continued uniform. 


H RH 2 EXAMPLE, 
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EXAMPLE. Suppoſe it were required to find, from the laſt Example, the 
velocity of Mercury on the 1 5th at 6. 


Here y= 7470 718157 x * ＋ 2K 7 1 = 7470 +17804 x x +293 x * 
hence, y= 17864 x X + 586 x xx; now let us fuppoſc x =1, which anſwers to 
24 hours, and then y= 17864 + 586 = =18450= f. 7. 30” the angle that would 
have been deſcribed by Mercury in 24 hours with the velocity at the given 
time. Thus we muſt proceed in all other caſes to find the velocity with which 


, increaſes or decreaſes, 


1245. When y becomes a maximum or a minimum, it's variation is then 
infinitely leſs than that of x, for it's fluxion is then equal to nothing. Now 
as our equation only gives an approximate relation between the quantities re- 
quired, any ſmall variation of the law of the quantity to be interpolated from 
the law given by the equation, will, 1n this caſe, produce a conſiderable varia- 
tion in the value of x; or of the time: When therefore the quantity to be 
interpolated becomes a maximum or a minimum, or near to it, we cannot 
depend upon our equation for giving the time with ſufficient accuracy. For 
example, if we take three declinations of the ſun near the ſolſtice, and find the 


value of y and make it's fluxion equal to nothing, we cannot be certain that 
we ſhall get the time of the ſolſtice ſufficiently accurate. Hence, the rule given 


by Dr. HALLE for determining the time of the ſolſtice, from deſcribing a 
parabola through three points, cannot be depended upon; and other authors 
ſince his time have fallen into the ſame miſtake. If between any two values 
of x, 5 has changed it's ſign, it has paſſed through a maximum or a minimum, 
according as it's ſign was firſt poſitive or negative. Or the ſame will happen 
when the firſt differences firſt increaſe and then decreaſe, or decreaſe and then 


increaſe. 


1246. It has been hitherto ſuppoſed, that the quantities to be interpolated 


were taken at equal intervals of time; but as it frequently happens that obſer- 


vations cannot be taken at equal intervals, we ſhall inveſtigate a rule for inter- 
polations in this caſe. Let y= A+Bx+Cxxxax- r DX NPN 7 
＋ Ex NN NN * x—r+&c. Now when x=0, p, 9, 7, 5, &c. let the 
cordon values of of y be a, b, c, d, e, &c. hence, a=4; b= b=4 4; -Bp; 

= A+Bq+Cxqzq-d —DP3 d = =A+Br +Cxrxr-p+Dxrx r—pxT—4 '=1 
ec PN EN 


TY I nn ff a 59 d- a- Br — — 
2 B c, D. 22 
E = 
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* e &c. hence, y= 1 
* 1— PX N= | 6 
3 c>a—Bq © d-a—Br=Cxrxr=> 1 
1 AI. XXX#X#—=þp + — Tri 7 * X X * x T 
. , 
5. ee e bee! eh 6 ; gl x —r +&c. 


ExAr IE. Let the Place of a Planer at midnight be as s follows; on 
November 8, in Leo 109. 14. 6“ 36846“ 4; on the gth in 109. 28%, 150 
= 37695" =; on the 11th in 11%. 4. 10”=3985;0”=c; on the 14th in 
12%. 2 = 43320 ; to find it's place on the ith of e at the 6th 


hour. 


Here p=1, 7 = 3, r=6, „„ = 849, Feen 
: "af qxq-P 
1056; D Ep ane Conn b _ 6474 —5094 — 2285 
6 g FX PN = 90 


= — IOrr; hence, y 36846 +849 x 3} +763 x 34 x 24 10 x 3IX 214 
= 40144” =11*. 9. 4” the place required. [ | 


Theſe examples and obſervations may be ſufficient to ſhow the uſe and 
extent of the doctrine of interpolations in Aſtronomy. As the rules, under 
the reſtrictions here pointed out, ſerve for the interpolations of all quantities 
under like circumſtances in reſpect to their differences, the reader can never be 


at a loſs to know when they are applicable. 
1247. The ſeries „Ates xX—-=1+DxxxxX=-1xx-2+&c. 
is of the fame kind as this, y=P+9Qx+Rx#+8x*+&c. for by actually 


multiplying the factors, and collecting the coefficients of the like powers of 


x, and putting P=4 the abſolute term, Q, R, S, &c. the ſum of all the 
coefficients of x, x*, x, &c. the former ſeries becomes y= P+ 2x +Rx*+8x* 
+ &c. This we may confider- as an equation. to a parabolic curve whoſe 
abſciſſa is PM x, and ordinate WH=y. The interpolation therefore of the 
terms of this ſeries is the ſame as the interpolation of an ordinate of this curve, 
having given any number of ordinates. Tf two ordinates be given, we aſſume 

P Ax, the equation being a ſtraight line paſſing through the extremities ; 


if three ordinates be given, we aſſume y= P+9Qx+Rx*; and if there be 2 


ordinates given, we aſſume y= P + Rx + Rx. + &c. to n terms; becauſe we then 


have # given values of y and u correſponding given values of x; by ſubſtituting 
therefore 


Fr. 
241. 


—_— — 


3 — — 
= 


=y 


ON THE USE OF INTERPOLATIONS IN ASTRONOMY. 


therefore in the equation ſucceſſively the correſponding values « of y and x, we 


get u equations and u unknown quantities P, Q, R, &c. from whence theſe 
quantities may be found. Thus we may deſcribe a parabolic curve paſling 
through x given points, that" is, we can find the equation of the curve Which 
ſhall paſs through thoſe points. 

1248. To find the area of this curve, we have * e * + 
Sx ix + &c. whoſe fluent is Px +4 2x* RK S & c. = the area. 

Let the intervals of the ordinates AP, BQ, CR, DS, &c. be unity, that i is, 
let x o, I, 2, 3, 4» &c. and the correſponding ordinates be a, b, c, d, e, &c. 
Then from the equation 'y='P N Raf SKT &c. if we take x =I, there 


are two ordinates'AP, BY, and we take two terms; if we take x = 2, there 


are three ordinates AP, BA, CR, and we take three terms; &c. Hence, we 
have the following 8 a 


. 1. f or two ordinates. 

Here K t, . b= =P+2, therefore Aba; and the area -a 45 
11% ) | / | 
Pi N 


1 +} Here * 2, and 28 P 


b=P+Q+R_ h | 
eee Rh 
therefore a b—a=92+R 
pert, 4.6 Loh 
hence, : r N 5 — | 
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Casz III. For four ordinates. 6 


Here x=3, and 7 


2 =P+2+R+8 
c=P+292 +4R+88 f 
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therefore þ— a= 9+ R+8 
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Thus we may proceed for any number of ordinates. 
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Art. 1249. f Hee apparent motions of the heavenly bodies are the moſt 
obvious phænomena in nature; and as a knowledge of the 
return of the ſeaſons muſt always have been neceſſary for the huſbandman, the 
courſe of the ſun probably engaged. the attention of mankind in the early ages 
of the world. The appearance and. diſappearance of the moon alſo at ſtated 
times, and the utility attending a knowledge of theſe circumſtances, would 
neceſſarily excite an enquiry into the motions of that body. Attention to 
theſe things would lead to the inveſtigation of the motions of the other bodies 
in the heavens. Accordingly, we find it recorded, that the ſcience of Aftro- 
nomy was cultivated by the immediate deſcendents of Ap Au; for Joszrnvs 
informs us, that the ſons of Sr employed themſelves in the ſtudy of Aſtro- 
nomy; and-that they wrote their obſervations upon two pillars, one of brick 
and the other of ſtone, to preſerve them againſt the deſtruction which Ap AN 
had foretold ſhould come upon the earth. He alſo relates, that ABxanam 
argued the unity and power of -Gop from the ordetly courſe of things both 
at ſea and land, in their times and ſeaſons, and from his obſervations upon the 
motions and influences of the ſun, moon and ſtars ; and that he read lectures 
in Aſtronomy and arithmetic to the Egyptians, which they underſtood nothing 
of, till ABRAHAM brought them from Chaldea to Egypt, and from thence 
they paſſed to the Greeks.” Bxrosvs alſo obſerves, that ABRAHAM was 
a great and juſt man, and famous for his celeſtial obſervations; ” the making 
of which, theſe ſages thought ſo neceſſary to the human welfare, that they 
aſſign 1t as the principal cauſe of the ALMiGnrtyY's prolonging the life of man. 
For the ſame author giving an account of /the longevity of the antediluvians, 
ſays, © that Providence found it neceſſary for the ſtudy and advancement of 
virtue, and for the improvement of Geometry and Aſtronomy, which required 
at leaſt fix hundred years for making and perfeQing obſervations.” The few 
accounts however which we have of theſe matters before the flood, and the 
little dependence to be put upon them, will juſtify our ſaying any thing further 
upon the progreſs which might have been made in Aſtronomy at that time. 
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12.50, Before the reign of Pluie or 680 A. C. the Eeyptians” 
according to Herovorvs, thought themſelves to have been the firſt inhabi- 
tants of the earth; and it was only from the time'of this prince, that the Greeks 
had any regular accounts of the affairs of Egypt. It is therefore no wonder 
that the Egyptians endeavoured to impoſe upon them fictitious accounts of 
their more early ages, far before the creation according to the account of 
Moss. The ambiguity of the word Year very well promoted their views ; 
which, though at that time it uſually ſignified the apparent annual revolution 
of the ſun, yet originally it meant a revolution in general, and was uſed for 


that of the moon; for PLUTAaRcn ſays, the Egyptian year was a month ; ” 
he adds howeyer, « afterwards it conſiſted of four months.” And CENSORINUS0 


ſays, ce et in Egypto, quidem, antiquiffimum ferunt annum bimeſtrem fuiſſe; 
poſt” deinde ab Isoxs Rege quadrimeftrem factum, noviſſimè Axminon ad 
tredecim menſes et dies quinque petduxiffe.” At what diſtinct times theſe 
ſeveral changes 1 in the length of the year were made, would be an enquiry not 
to our preſent purpoſe ; the Egyptians however, to impoſe upon the 'Greeks, 
would undoubtedly take the ſhorteſt rime for the year, that of a month. And 
this muſt alſo render the heathen chronology ſubject to great uncertaitity.” . 
1251. The Egyptians appear to have ſtudied Aſtronomy very early; but 
the meaſure of their year being for a conſide rable' time ſubject to very different 


lengths, cauſed great confuſion in their chronology. The Thebans, who paſſed | 
into, Egypt, are ſuppoſed to have been the firſt who cultivated Aſtronomy there. 


They eſtabliſhed a year of 360 days; but it was ſoon found neceflary to add 
five days, more. They ſeem to have founded their obſervations upon the he- 
liacal rifin ing of Sirius; for obſerving the interval between two days in which 
Sirius thus roſe, they determined the length of the year. But it was afterwards 
diſcovered that by making the year to conſiſt of 365 days, Sirius roſe later 
every year by ſix hours. They then made the year to conſiſt of 3653 days. 
The year however, ſo far as regarded their religious ceremonies, {till conſiſted 
of 365 days. Making therefore theſe two years to begin together, they would 
not coincide again till after four times 365 years, or 1460 years. This was 
called the Sothiacal period. Mr. E. Barxarv fays, that the Egyptians dif 
covered that the ſtars had an annual motion of 50%. 9“. 45“ in a year (Phil. 


Tranſ. No. 1 68). According to MAcRoB1US, the Egyptians made the planets 


revolve about. the ſun in the ſame, « order as we do; but it does not appear at 
what time the planets v were diſcovered. © He alfo lays, that they divided the 
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zodiac in the ſame manner as the Chaldeans did; and fixed the commencement 
at the firſt degree of Aries. Droporus Steurus ſays, that the Egyptians 
diſcovered that the planets had ſometimes a direct and ſometimes a retrograde 


motion, and that they were ſometimes ſtationary. He alſo aſſerts, that they 
made the ſun move in a circle inclined to the equator, and i in a direction con- 


trary sto the divroal; motion. The idea of dedicating the ſeven days of the 
week to the planets. is allo aſcribed to them. DioGENES LAERTtus, from 
ManEeTHo, ſays, that the Egyptians believed the earth to be ſpherical, and 


that the moon was eclipſed by falling into the earth's ſhadow. They attempted 


to meaſure the diameter of the ſun, by obſerving the motion of the ſhadow of 
the gnomon in the time the body of the ſun was aſcending above the horizon. 

The diſcovery of the planets and their motions we may conſider as a proof of 
the early arrangement of the ſtars into conſtellations ; ; as it muſt be by com- 

paring the places of the planets with the fixed ſtars, that their motions could 

be diſcovered. / en IE 0 Se HITS 

1252. When ALEXANDER took Babylon, Sie bound that the 

moſt ancient obſervations made by the Chaldeans were not above 1903 years 
before that time, which carries them to about the time of the diſperſion of 
mankind by the confuſion of tongues. ' Theſe obſervations are ſuppoſed- to 

have been made in the temple of Jur1TER BELVS at Babylon. . Gover 

however thinks this account is not to be depended. upon, as it was firſt pub- 

liſhed by S1mPLIcivs in the fixth century, who took it from PoRPHXRY; ; and 

HriepaRcnvs and PTOLEMY, who lived long before, knew nothing of them, 
though they made a very diligent ſearch after the writings of the ancient 

Aſtronomers. They met with no obſervations made at Babylon before the 

time of NABONASSAR, who began<to reign in the year 747 A. C. Epictxts 

ſpeaks of Babylonian obſervations for the ſpace, of 729 years. BERO sus allows 


them to have been made 480 years, before his time, which carries them back 


to 740 A. C. and this is in ſome meaſure confirmed by the oldeſt eclipſes 
which are recorded by Pror zur, one of which is mentioned to have hap- 
pened 721 years A. C. and two, 720 A.C. About this time, the Babylonians 
ſent to HRZ ERK IAH to enquire about the ſhadow s. going back on the dial of 
AnAz. The period of 223 lunar months, comprehending 65855 days 
according, to- the Chaldeans, make the periodic time of the moon to be 
27d. 77. 43“. 137%, and it's ſynodic time to be 29d. 12h. 4. 7”. They moreover 
determined it's motion not to be uniform, but to be ſomething more than 11. 


in a day and leſs than 12 when it moves ſloweſt, and ſomething more than 


15 and leſs than 16? when, it moves quickeſt ; and the mean daily motion 
they fixed. at 1 2. 100 . It does not appear by what methods they deter- 
d theſe ten but it is probable that it was from obſerving tl the path 
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of the moon by the fixed ſtars; for there are ſtars called by the Arabs, Niud vil 
Al-Kamar, or Manjions of the Moon, by which is meant, ſuch ſtars as the moon 
approaches at night in the courſe of it's revolution. They were twenty- eight 
in number, the latitudes and longitudes of which are given by ULVeRH BERIORH. 
It is alſo aſſerted by Prol EMr, that they were acquainted -with the motion 
of the nodes and apogee of the moon; and they ſuppoſed the former made a 
revolution in 185. 15d. 84. which period, containing 223 complete lunations, 
is uſually called the Claldean Sarss. The 223 lunations they reckoned to 
contain 658 5d. 8. And if we take the period of the moon as now determined, 
they would make 658 5d. 71. 43', which ſhows how very nearly the Chaldeans 
had determined the ſynodic revolution of the moon. This period completes 
the revolution in reſpect to the node and apogee. The knowledge of this 
might probably enable them to foretel eclipſes, at leaſt thoſe of the moon. 
ARISTOTLE informs us, that the Chaldeans made obſervations on the occulta- 
tions of the fixed ſtars and planets by the moon; from which they were led 
to conclude, that an eclipſe of the ſun was cauſed by the moon. And 
Diopokus SievLivs ſpeaks of their having obſeryed comets, which they held | 
to be laſting bodies, having revolutions like the planets, but in more extenſive 
orbits. The ſame author, alſo ſays, that the ſouthern parts of Arabia are 
made up of ſandy plains of a prodigious extent ; the travellers through which 
direct their courſe by the Bears, in the ſame manner as is done at ſea.“ It 
appears therefore, that the inhabitants were acquainted with ſome of the con- 
ſtellations. The Phœnicians were probably the firſt people who failed by the 
ſtars. He further obſerves, that the Chaldeans made the annual motion of the 
tan oblique to the ecliptic, and contrary to the daily motion. Dialling was alſo 
firſt known amongſt them, and long. before any thing upon that ſubject is 
related by tbe Greeks. ;; Hzroporys ſays, that the Greeks, barrowed the uſe 
ol the Pole and Guomon, and the method of dividing the day into twelve parts, 
from the Babylonians., The gnomon ſeems to have been the moſt ancient 
aſtronomical inſtrument. The Chaldeans made thirty-ſix conſtellations; 
twelve in the zodiac, and twenty-four without. They alſo made an obſer- 
vation on Saturn in the year 228 A. C. which is preſerved by ProLemy, 
and it appears to be the only one which they made on the planets. The diſ- 
tance was meaſured by digits, of which 24 made a degree. They obſerved 
that the ſun, moon and: planets paſſed through the twelve figns ; the ſun in a 
year, the moon in a month, and that the planets had their particular periods. 
They placed the moon below all the ſtars and planets; made i it the leaſt of all; 
placed it neareſt to the earth, and made the time of it's revolution the leaſt, 
according to Diopoxus Sicurus. Their civil year conſiſted of 3654 days; 


and Ar ATEN IVs relates, that the Chaldeans made the ſidereal year 
39 54 
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365d. 6k 11. They formed ſome idea of the magnitude of the earth; for 
they diſcovered, it is ſaid, that a man, walking a good rate, might follow the 
ſun round the earth, that is, he might maße the tour of the earth, in a year, 
Now if we allow a good rate to mean three miles in an hour, then there being 
8760 hours in a year of 365 days, the circumference of the earth would be 
26280 miles, which does not differ a great deal from the truth. Reſpecting 
the Chaldean Aſtronomers, hiſtory gives us but a very little information. 
BRROSUs is ſuppoſed totba the oldeſt, from a very abſurd opinion of his re- 
ſpecting the phaſes of the moon and it's eclipſes. According to him, the 
moon is a globe having one ſidle kumisous, ng tlie aber fide a LG blue. At 
what time he tired in kncertgums d fomuloves along? i Hort . 
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1253. M. „Bitte lues that the firſt liog br che Indies lived about 
3553 years before our ra ; this is a little more than 400 years before their 
aſtronomical epoch, which is ſuppoſed by M. le GEN II -to-be 3101 A. C. 
Their zodiac had two different diviſions, onei of twenty eight, and another 
of twelve; and they divided their zodiac into -twelity-ſeven conſtellations ; 
they alſo ke! a moveable ' zodiac; to explain the preceſſion of the equinoxes, 
the motion of which they ſtated at 5% in à year, and the entire revolution 
in 24000 years. This diſcovery they appear tö have made about the year 
22 50 A. C. They regulated their chronology by periods of 60 years; but in 
their aſtronomical calculations, they employed the period of:36006 yeats, which 
is fix times the luni-ſolar period. The Brahmins were acquainted with the 
obliquity of the ecliptic; and tliey conſtrutted Tables ſhowing the increaſe 
of the days arifing from the change of the (furs declihatibn? for different 
latitudes. NI. le GENTII“ found that accofding to theſe Tables; the 
obliquity of the ecliptic muſt have been more than 2 N They have a Table 
of the time which the ſun employs to move through eaeh ſign of the ecliptic. 
The ſign in which! it moves floweſt they. make Gemini, and that in which it 
moves quickeſt is Sagittarius. The apogee of the ſun was therefore leſs ad- 
vanced by a ſign when theſe Tables were conſtructed than it is now ; this 
carries their conſtruction back to the year' 78 of our æra; at which time died 
SALIVAGENA, one of their kings, who was a great encourager of Aſtronomy. 
They applied alſo to the ſun a correction which anſwers to our equation of 
the center, being ſubtractive in the firft ſix figns of anomaly, and additive in 
the 18 ſix; the greateſt ſubtractive is 2 55 and anſwers to 295 f Gemini; and 
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the greateſt additive is 11', and anſwers to 20* of Sagittarius; this ſeems to 
have been the joint effect of two different corrections. The Brahmins alſo 


made uſe of the gnomon ; and got a meridian by deſcribing concentric circles, 


in the manner we do. By this they alſo found the latitude of the place from 


the length of it's ſhadow at the day of the equinox.. In the reign of 


d'Hoaxc-r1, 2697 years A. C. the Chineſe had invented and conſtrued a 
ſphere, with the various circles belonging to it. In a book written in the 
reign of Yao, about 2332 years A.C we collect the following circumſtances: : 


1ſt. HI and Ho (two Aſtronomers, who were charged with compoſing a 


calendar for the people to regulate their huſbandry) obſerved the places of the 


ſun, moon and ſtars, and inſtructed the people with reſpect to the ſeaſons. 


_ 2dly. The equality of days and nights, and the ftar Nzao, determined the ſpring 
equinox. gdly. The equality of days and nights, and the ſtar Him, marked 
the autumnal equinox. 4qthly. On the longeſt day, the ſtar Ho marked 


the ſummer ſolſtice. 5thly. On the ſhorteſt day, the ſtar Mao marked the 
winter ſolſtice. 6thly. One year conſiſted of 366 days, and three years of 


365 days. And' by ſpeaking of a lunar intercalary, they muſt alſo have had 


a luni-ſolar year. The Brahmins placed the earth in the center of the world, 


with the ſeven planets revolving about it; but they do not appear to have 


been acquainted with it's diurnal motion. The earth they placed upon a 


mountain of gold; they thought the ſtars moved, and the planets they called 


fiſhes, becauſe they moved in the ether, as fiſhes do in water. Theſe abſur- 


dities ſhow the great antiquity of their Aſtronomy, M. BAII LY ſpeaks of 
their Tables as being probably 5 or 6000 years old. M. le GENTIIL thinks, 


that the Indians perceived that their Tables wanted a correction; becauſe at 


the time when they calculated the mean longitude of the ſun and moon, they 
ſubtracted from it a conſtant quantity, which was probably the correction of 
their epocli, and which they diſcovered: by comparing their calculations with 
their obſervations in conjunction and oppoſition, the points where they wanted 


them to agree, for the purpoſe of calculating their eclipſes. It is conjectured 
that this correction was made about the year 78, at which time their Aſtronomy 
underwent a great reform. In the year 2952 A. C., reigned Font, the firſt 


emperor of China; and he appears to have been the firſt who compoſed aſtro- 
*pmical Tables, and gave the figures of the heavenly bodies. The ſolſtices 


ſeem to have been known at that time, as that emperor every year ſacrificed 
an animal at the time of each ſolſtice. His ſucceſſor added a feaſt at each 


| equinox. Under the reign. of HoanG-T1, 2697 A. C. Yv-car obſerved. 
the pole ſtar, and the conſtellations about it. He alſo conſtructed a ſphere, 


with ſeveral fixed and moveable circles. And it is ſaid, that he made many 


experiments upon the weather and the air. About the ſame time, the circle 
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of 60 years was eſtabliſhed. Hoaxc- T1 was the author of many inſtruments 

to obſerve the ſtars; and alſo ef an inſtrument to find the cardinal points, 
without any reference to the heavens; this muſt have been the compals. . 
'Fraces of this are found 1400 years after. The ſame prince inſtituted a fociety 
of mathematicians, and of hiſtorians. The emperor CHR NI, in the year 
2313 A. C. compoſed an Ephemeris of the motions of five planets; and it 
is ſaid, that he was raiſed to the empire for his knowledge in Aſtronomy. 
Under the reign of CHov-x AN, 2169 years A. C. happened an eclipſe, which 
is the moſt ancient we have any records of. From the reign of this 
prince to the year 776 A.C. hiſtory makes no mention of any eclipſe having 
been obſerved. From the year 480 A. C. to 206 A. C. Aſtronomy was al- 
moſt entirely neglected; the empire was divided into ſmall ſtates; and the 
ſociety - of mathematicians was deſtroyed. TSsIx-CHI-HOANG united again 
the ſtates, and formed one great empire; and in the year 246 A. C. he collected 
the hiſtorical and mathematical works and burned them. But the ſtudy of 
Aſtronomy revived again under Lizox-PANG in the year 206 fl. C. About 
300 years before our æra, the Chineſe made ar year 3653 days. The perjod 


of the moon they knew within 20” or 30“; but they had a- very inaccurate 


knowledge of it's revolution in reſpect to the nodes; and in reſpect to that of 
the apogee, they ſeem to have been altogether unacquainted. At the ſame 
time they had a method of calculating eclipſes. In the year 104 A. C. 


*SSE-MA-TSIEN and Lonia-nons formed precepts for calculating the motions 
of the planets, and eclipſes. At that time they made the obliquiry of the 
-ecliptic 23*. 39\.. Towards the year.go. J. C. the emperor Tcxanc-rT1 cor- 
rected the calendar, having found that the ſolſtice had gone back 5%. About 
the year 164 J. C. Tcxanc-HENG . made a catalogue of 2 500 ſtars, which 
Aas now loft. In the year 206 J. C. Lizov-nons and Tsar-YoNs diſcovered 
that the moon's motion was not uniform, but ſubject to an inequality, the 


maximum of which was 4*., 55. 41%; and they made the obliquity of it's 
orbit to be about 6%. They knew the ſolar year to be a little leſs than 365z 


days; and they determined the revolution of the moon in reſpect to it's apogee 
to be 27d. 134. 16“. 50%. In the year 284, Krang-x1 determined the true 


place of the ſun by means of eclipſes of the moon. About the year 460, 
Ts0V-cxoxs determined the motion of the ſtars to be 1* in 46 yearge 


LI EOv-HtAo-TsuN and Lizov-TCHo, about the year 584, employed the 


firſt equation of the inequality of the ſun. I=-DASO, who lived about. the 
year 720, made the ſun's inequality 25. 21'. 30”. He alſo determined the time 


of Jupiters revolution; and made the latitude of Sirius 39% 25. 30”. In 


the year 822, SU-GANG explained the parallax of longitude, and ſhowed it's 


uſe in calculating ſolar. ecliples. Towards the year 1280, the Chineſe erected 


a gnomon 
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a gnomon of 40 feet; from the obſervations of which by Co-HEOU-xIx G, 
they found the obliquity of the ecliptic to be 239. 33“. 40”; and if this be cor- 
rected by refraction it becomes 2 3*. 3. 36”. It is faid, that this Aſtronomer. - 
was the firſt amongſt them who underſtood any thing of ſpherical . 
He alſo invented a method of calculating ſolar eclipſes. \ 
1254. For our firft knowledge of the modern ſtate of Aſtronomy in India, we. 
are indebted to M. la LovzERE, who returning in 1687 from an embaſly to 
Siam, brought with him a Siameſe manuſeript, containing Tables and rules for. 
calculating the places of the ſun and moon; theſe were put into the hands of 
Cass1N1, to be explained. After that, two other ſets of Aſtronomical Tables- 
were ſent to Paris from Hindoſtan, But for the beſt information of the ſtate 
of the Indian Aſtronomy, we are. obliged to M. le GznTir, who went to 
India to obſerve the tranſit of Venus in 1769. and who, during. his ſtay there, 
acquired a knowledge thereof. They appear to have no theory, but content 
themſelves with calculations, particularly of the eclipſes of the ſun and moon. 
A Brahtuin of Tirvalore inſtructed M. le GERTII in the method of calculating - 
eclipſes, and communicated to him the Tables and rules for that purpoſe, 
which he publiſhed in the Mem. de I' Acad. Roy. des Scien. 1772. They divide 
the zodiac into 27 conſtellations ; and the ecliptic into twelve ſigns, of 30 ach; 
and make the annual preceſſion of the equinoxes to be 54”. Thetr year begins. 
at the beginning of their moveable zodiac. The epoch of the Tables of Siam 
is for the year 638 of our æra, as determined by Cass1n1. The length of 
their ſidereal year is 365d. 61. 12. 36”, and that of the tropical is 365d. 53. 
500. 41”. Theſe Tables have a correction of the fun's mean place, anſwering. 
to our equation of the center, the maximum of which is 25. 12“; and it is. 
made to vary as the ſine of the mean diſtance from the apogee, which they make 
doe from the beginning of the zodiac. The motion of the moon is deduced, 
by certain intercalations, from a periodiof 19 years. The moon's apogee is 
ſuppoſed to have been in the beginning of the moveable zodiac 621 days after 
the epoch. of March 21, 638, and to make a revolution in 3232 days. The 
firſt of theſe ſuppoſitions agrees with MArRR's Tables to lefs than 1*, and the 
ſecond differs from them only 114. 14* 31”. The Siameſe rules, which cal- 
culate only for conjunctions and oppoſitions, give but one inequality to 
the moon, the maximum of which is 4*. 56% and is applied when the moon 
is go* from the apogee ; in other ſituations, the equation is as the fine of the 
moon's diſtance from the apogee. Theſe Tables go no further. | 
1255. Another ſet of aſtronomical Tables were ſent from Chriſnabouram, 
a town in the Carnatic, about the year 1750. They are fifteen in number, 
and contain, beſides the mean motions of the ſun, moon and planets, the equa» 


tions of the center of the ſun and moon, and two corrections for each of the 4 
planets, | [ 
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| planets. They are accompanied with rules and examples. The epoch of theſe 


Tables anſwers to March 10, 1491, when the ſun was entering the moveable 


Zodiac. The equation of the ſun's center is 22. 10'. 30“, and of the moon's 


55. 2. 4%; and the inclination of the orbit is 4*, 300“; allo the motions of the 
apogee and node are very nearly true. Another ſet of Tables were alſo ſent 
about the ſame time, probably from Narſapour, as that place anſwers to the 
length of the day there given; theſe do not n r from the laſt 
mentioned. ve, 

1256. The Tables and methods of Fe Brahmins of Tirvalore differ | in many 
reſpects from thoſe above deſcribed ; they ſuppoſe however the fame length of 
the year, the ſame mean motions, the ſame inequalities: of the ſun and moon, 
and are adapted nearly to the ſame meridian. The epoch however goes back 
to 3102 A. C. The ſolar year is divided into twelve.uncqual months, each 
being the time the ſun is moving through a fign ; and in their calculations for 


a day, they employ the time the fun moves 1* in the ecliptic. | The ſidereal 


year conſiſts of 365d. 6. 12, 30“, and the tropical of 365d. 54; 500. 35". 
The Brahmins make the obliquity of the ecliptic 24%, which at the time of 
their epoch differed very little from the truth. Tbey aſſign two inequalities to 
the motions of the planets, anſwering very well to the annual parallax and the 


equation of the center. Theſe Tables have their radical places for the year 
1491, of our æra. The equation of Saturn's center is 7. 39 44, which. 


agrees very well with what it ought to have been at their epoch 3102 A. C. 
M. de la PLace ſays, I find by my theory, that at the Indian epoch of 
3102 A. C. the apparent and annual mean motion of Saturn was 1 2. 1. 1. 
and the Indian Tables make it 125. 13, 13“. And that the annual and appa- 
rent mean motion of Jupiter at that epoch was 30. 20“. 42”, preciſely as in 
the Indian Aftronomy.” From various agreements of this kind, there is the 
Higheſt degree of probability that the Indian Aſtronomy is as ancient as it is 
ſtated to be by the Brahmins *. In the Phil. Tranſ. 1777, the reader will find 
an account of the Brahmins' obſervatory at Benares, by Sir RozzrT BARK ER. 
See alſo an account of the chronology of the Hindoos, by W. MaxspExN, Eſq. 
in the Phil. Tran/. 1790; and Mr, dee on a onal or of the 
Hindoos, in the lame work for, e ; 


* For the mich 3 of this, ſee Profeſſor . 8 Remarks 0 on the Aﬀzonomy of 
ITE e Trazſ. VS * | | 


-» 
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* On the Alronomy of the Greeks to the Time of Protur. | 


1257. It is agreed, that the Greeks borrowed their knowledge of Aſtronomy 
from the Egyptians and Chaldeans. . PLUTARca relates, that about the time 
of Hzs10D, the ſciences began to unfold themſelves ; but the progreſs which 
they made was very flow until the time of TALES, about 600 years before 
the Chriſtian æra. That philofopher rendered himſelf famous by foretelling 
an eclipſe of the ſun; he however only predicted the year in which it would 
happen; and this he was probably enabled to do by the Chaldean Sarot, a 

period of 223 lunations, after which, the eclipſes return again nearly in the 
ſame order. He alſo explained the nature of eclipſes; and was the firſt Greek 
who went into Egypt for improvement. He is faid, by HYzxonyMus in 
Drocenzs LAERTIVs, to have diſcovered the year to conſiſt of 365 days; 
this he might have got from the Egyptians; but LAEkRTIUs ſeems to give a 
reaſon to the contrary, for he ſays, that he firſt found out the tranſit from 
the tropic to the tropic, and was the firſt who called the laſt day of the month 
the thirtieth.” He is ſaid by PLiny to have determined the coſmical riſing 


of the Pleiades to have been 25 days after the autumnal equinox. He ſtudied 


the courſe of the ſun, and made it's diameter to be the 72oth part of the whole 
heaven, or half a degree; he was alfo acquainted with the zodiac, and it's 
obliquity to the equator. The ſame author informs us, that he computed a 
calendar, containing the times of the rifing and ſetting of the ftars. He is faid, 
by CALLIMACHUS, to have formed the conſtellation of the Leſſer Bear. 
WE1DLER attributes to THALEs two works, one on marine Aſtronomy, and 
the other upon the ſolſtices and tropics. When TraLEs was in Egypt, he 
meaſured the height of the pyramids by the length of their ſhadow, when the 
ſun was 45 high. He died 549 A. C. 

1258. The ſcholar and ſucceſſor of TALES was ANAXIMANDER, 
According to LazrT1vs, he taught that the earth was a ſphere, and in the 
center of the world; that the moon borrowed it's light from the fun, and that 
the ſun was not leſs than the earth. He is ſaid to have introduced the uſe of 
the gnomon. | PLixy mentions, that he firſt diſcovered the obliquity of the 
ecliptic, He formed a geographical chart, but it is uncertain whether he was 
the inventor. The invention of the ſun dial is given to him; this however 1 Is 
doubtful. He died in the year 547 A. C. 

1239. ANAXAGORAS, Who lived about 5330 years A. C. is {aid to have pre- 
diced an eclipſe of the ſun, which, according to TH DIES, happened in 
Yor, II. K K the 
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the firſt year of the Peloponnefian war. He taught that the moon was inhabited, 


and had plains, hills and water, as our earth has. 

1260. At the ſame time lived PyTHAGORASS. LAERTIus aſſerts, that 
the ſyſtem he taught was, that the earth was in the center, with a diurnal 
motion; in the next place the moon, then the ſun, and then the orbits. of the 
planets.” | PLUTARCH however informs us, that in his old age, he repented 
that he had not aſſigned to the earth it's proper place. From this we may 
conclude, that he was acquainted with, and approved of, the true {ſyſtem 
taught by PariLoLAavs, his cotemporary. He aſcribed the brightneſs of the 
Milky Way to the effect of a great number of very ſmall ſtars. And it is ſaid to 
have been this philoſopher, who firſt taught that the morning and evening ſtar 
(Venus) were one and the fame planet. He is alſo mentioned to have taught 
the obliquity of the ecliptic, and the poſition of the tropical circles, by the 


ſphere. He thought the earth was. a globe, and admitted dut dens n 


be inhabitants at the antipodes. * 

1261. PHI LoL Avus, a diſciple of rr as lived Fes 4 401 years A C. 
He taught the true ſyſtem, placing the ſun in the center, and making the 
earth and all the planets revolve about it. He was perſecuted for propagating - 
this opinion, and obliged to fly for it; and it is remarkable, that GAEILEO 
loft his liberty for maintaining the fame. Soon after ws we find H1CETAS, 


a Syracuſan, aſſerting the diurnal motion of the earth, 


1262. Mxrox formed a cycle of 19 years, containing 19 lunar years, and 


ſeven intercalary months. This cycle commenced July 16, in the year 432 


A. C. 19 days after the ſummer ſolſtice; and the new moon which happened 
on the fame day at 7h. 43“ in the wvening, was the beginning of it. This is 
called the Metonic cycle. 

1263. Evupoxvs, a ſcholar of 3 flouriſhed about 360 years. A. G 
When young he travelled into Egypt, and converſing with the prieſts, he 
learned many things from them relating to Aſtronomy. He made the ſolar 
year to conſiſt of 3654 days, and the ſynodic revolution of the moon to be 


294d. 12h. 43“, 38“. ARCHIMEDES ſays, that he eſtimated the diameter of the 
ſun to be nine times greater than that of the moon. SENECA ſays, that he 


carried into Greece the elements of the motions of the planets, He wrote a 
treatiſe on the conſtellations, which is loſt. ViTruvivus ſays, that Eupoxus 
made a ſun dial upon a plane. He alſo conſtructed a ſphere. The orbit of 
the moon he diſcovered to have been inclined to the echptic, and that the 
greateſt latitudes did not always anſwer to the ſame place, but that they went 


backwards : thus he diſcovered the motion of the moon's nodes. He com- 


poſed two works, one called the Mirror, the other, the Phenomena, In the 
| 3 1 6 firſt, 
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firſt, he deſcribed the conſtellations ; and in the ſecond, he 4 4 the time 
of their riſings and ſettings. Hieyarcuvs was in poſſeſſion of theſe two 
works, but they are now loſt. He adviſed mankind not to put any faith in 
the predictions of aſtrologers. 

1264. ARISTOTLE relates ſeveral obſervations which he made. He ſaw an 
eclipſe of Mars by the moon; and an occultation of a ftar in Gemini by Jupiter. 
He obſerved alſo a comet, the tail of which extended over one third of the 
heavens. 

1265, Caterers lived about 330 years A. C. He adhd the cycle of 
Mr rox, and formed that of 76 years. He alſo made a collection of obſer- 
vations of the riſing of the ſtars, and joined to them meteorological remarks, for 
the ſake of agriculture. 

1266. PyTHEAs, who lived at Marſeilles i in the time of nin the 
Great, by meahs of a gnomon, found the length of the ſhadow at the ſummer 
ſolſtice to it's height as 600 to 209; from which it follows, that the obli- 
quity of the ecliptic at that time was 23*. 5o'. He ſays alſo, that the ſame 
proportion of the height of the gnomon to the length of- the ſhadow was true 
at Byſance ; but this could not be; the truth of the above N nene 
is thus rendered doubtful. _ K 

1267. ARIS TIL LVs and TI MOHARIS lived about 300 A. C. and were 
the firſt Aſtronomers of the Alexandrine ſchool. Their obſervations were 
principally confined to the ſtars, in order to fix their poſitions in the heavens; 
and it appears that Hi ARchus made great uſe of them; diſcovering; from 
them that the ſtars had a motion in longitude of about 1 in 100 years; 
vhich, though not very exact, ſerved to diſcover that the nee 3 had 
a retrograde motion. 

1268. About 276 A. C. lived" AnisrAncnus of Samds. He obſerved 
the elongation of the moon from the ſun at the time of the moon's dichotomy, 
and found it to be not leſs than 877, from whence he concluded that the diſ- 
tance of the ſun was not leſs than 19 times the diſtance of the moon. He 
made the diameter of the ſun to that of the earth, greater than 19 to 3. and 
leſs than 43 to 6; and the diameter of the moon to that of the earth, greater 
than 43 to 108, 40 leſs than 19 to 60; this laſt determination is not far from 
the truth. He agreed with PHILoL Aus in reſpect to the motion of the earth 

about the ſun. He ſays in his treatiſe entitled De Magnitudinibus et Diſtantiis 
Solis et Lunæ, that the diameter of the moon is about 25; this was probably 
only what he firſt eſtimated it at; for AxcHIME DES informs us, that he made 
it about 30“. He thought there was no proportion between the diſtance of 
the ſun and that of the fixed ſtars. VitTruvivs relates, that he made a clock, 


which is ſuppoſed to mean a ſun dial. 
| © x3 1269. The 


— 
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1269. The next celebrated Aſtronomer was ERATOSsSrHEXES, who Was 

born 276 A.C. He was invited to come from Athens to Alexandria by © 
Prol EM EVvERGETES, and made by him keeper of the royal library. At 
his requeſt, ProLEMy fixed up Armillas, or circles of braſs, in the portico at 
Alexandria, for the purpoſe of making aſtronomical obſervations. With 
theſe; ERaTosTHENES meaſured the obliquity of the ecliptic, and determined 
the diſtance of the tropics to be to an entire circle as 1 to 83.; this gives the- 
obliquity 23*. 51. 20”; and it.is a very important obſervation, as, from #'s 


accuracy, it proves very ſatisfactorily the obliquity is decreafing. He alſo. 


meaſured a degree upon the earth's ſurface, by taking the difference of the 
zenith diſtances of a ſtar at Alexandria and Syena, which he found. to be 
7% 12”, and the diſtance upon the earth was 5000 ſtades ; hence, a degree is 
6943 ſtades. How near this is to the-truth we cannot ſay, as we do not know 
in what ſtades the diſtance was meaſured; alſo Alexandria and Syena are not 
under the ſame meridian. We owe however to him the merit of diſcovering 
the method. M. WEIDLER, from PLuUTARCH, ſays, that ERaTOSTHENES 
made the diſtance of the moon 780000 ſtades, and the diſtance of the ſun 
804000000 ftades ; but it is not mentioned by what method. He attempted 
to number the ſtars, and went as far as 675. He lived to the age of eighty, 


when' he loſt 15 8 fight, bien fo. ae bim, thats it, is ſaid, he. ſtarved 


himſelfl. 
1270. eee beſides being the firſt of the ancient mathematicians, 
was alſo a good Aſtronomer. Hieyarcavs informs us, that he obſerved the 


ſolſtice; and, according to MacrosBivs, he determined the diſtance of the 


moon and planets; but to what accuraey it does not appear. Cicero relates 


that he made a ſphere, on which were repreſented the motions of the ſun, 


moon and five planets, each with their proper relative velocities. He was the 


firſt who aſſigned the true area of a curvilinear ſpace. When Syracuſe was 


taken by MAarcELLvs: in the year 211 A. C. he gave orders to fave Arcai- 
MEDESV JM but he was killed by a ſoldier whilſt he was drawing geometrical 


figures upon the ground, for not anſwering the queſtions. that were put to him. 
'MaRcELLVs however rendered him that honour which was due to his 
memory. 


1271. APOLLONIUS of Perga lived ho the Gros time. He was the firſt 
who explained the cauſes of the ſtations'and retrograde motions of the planets 


by epicycles (210). He is alſo celebrated for his. Treatiſe on the. Conic 


Sections; and the method of projections is alſo attributed to him. 
1272. Hi PPARCHUs, the father of Aſtronomy, lived between 160 and 
x25 years before our ra, and was born at Nice in Bithynia. He was the firſt 


. who. cultivated ny part of Aſtronomy, He began, by verifying the 


obliquity 
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obliquity of the ecliptic, obſerved by ExaTosTnENEs, and found it very 
correct; and this was afterwards confirmed by Prol EM. He fixed the lati- 
tude of Alexandria at 39*« 68“. The length of the tropical year he determined 
from the interval of the return of the ſun to the ſame tropie, or the ſame equi- 
nox; and he conceived, that if he could get two correſponding obſervations 
after a great number of revolutions, the error would be proportionally dimi- 
niſhed ; and this is the method by which future Aſtronomers. determined tlie 
mean motions of all the planets; a difcovery of the firſt i importance in Aſtro- 
nomy. He compared the obſervation of a. ſolſtice by Ax Is TARchus with 
one made by himſelf, at the interval of 145 years, and found that the ſolſtice 
happened half a day ſooner than it ought to have done, if the year conſiſted 
of 3654 days, as the Greeks believed before him. Thus he determined 
the tropical year to be 365d. 5h. 55. 12”. From his obſervations of the equi- 
noxes and ſolſtices, he found that they did not divide the year into four equal 
parts; and he diſcoyered that the interval from the vernal to the autumnal. 
equinox was 186 days, about ſeven days longer than. the interval from the - 3 
autumnal to the vernal equinox. . Thus he found that the motion of the ſun-. 1 
was not uniform But inſtead of explaining this by an epicycle, which he 
did at firſt, he conceived the idea of placing the earth out of the center of the 
circle in which the ſun was ſuppoſed. to move, which would account for this 
irregularity. The invention therefore of the excentricity of the orbit is due to 
this Aſtronomer. Upon this principle he computed two Tables of the ſun's 
motion; one of. 1 it's mean motion, and the other of it's inequalities, which 
is the principle of all our aſtronomical Tables at this time. The diſcovery | 
of the inequality of the ſun's motion led him to another of great importance, 
the inequality of days. He. knew the two cauſes which produced this in- 
equality; and ſaid, their effects were not ſenſible in one day, but became fo by 
n accumulation. He was miſtaken however in the quantity, making the maxi- 
mum 33%. 20“. We, are indebted to him therefore for the diſcovery of the 
principle of the equation of time. TIMO CHARTS found that the ſtar called Siαe 
Virgilus, Preceded the autumnal equinox 8*; HippARchus diſcovered that < 
at his time: it did not precede more than 6%; and he found the fame of other 
ſtars. But not conceiving it probable. that all the ſtars ſhould have a motion | | 
without changing their relative fituations, he conjectured that the equinoctial =_ 
points had a retrograde motion, which he made about 1% in io0 years. He | 1 
found that the ſtars changed their declinations, but not their latitudes; on this | 
account he referred the ſtars, not to the equator, but to the ecliptic. Having | 
diſcovered: the preceſſion of the equinoxes, he found that the fidereal year was | 
more than 365d. 67. By obſervations on the moon, he diſcovered that it 


dxparted from the ecliptic 5 on cach fide, and thus he fixed the inclination of 
it 
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it's orbit at that quantity. He diſcovered alſo that it's nodes were moveable: . 
By obſerving the diſtance of the moon from the ſtars during the night, after 
Allowing for it's motion, he found that it's ſituation in reſpect to the ſtars va- 
ried alſo as it's altitude varied. He alſo knew that an eclipſe of the ſun was 
not the ſame on different parts of the earth z* and thus he diſcovered the moon 
to have a parallax. This ſuggeſted to him the method of finding the diſtance 
of the ſun (1 56). He compared the ancient obſervations with his own, and 
found, that in the interval of 1260079. 1h. the moon made 4 573 evolutions 
in reſpect to it's apogee ; and 4712 revolutions, wanting 9%. 3o', in reſpect to 
the ſtars. But that the latitude, and conſequently: the eclipſes, did not return 
the ſame till about 3458 months, during which time the moon made 5923 
| revolutions in reſpe& to It's nodes. herons he found it 5 revolutions in 
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He diſcovered an Inequality of about 3 f the moon, nailar to that which 
he had diſcovered of the ſun; and repreſented it in the ſame manner. M. 
BALL x thinks that Hieyarcavs had determined the mean "motions of the 
planets. ProLtmy does not mention upon what obſervations the revolutions, 

1 ſtated by him, were made; and his ſilence on that point, renders it probable 
that the determinations are not his, but thoſe of HreyArcuvs. He made ang 
inſtrument to meaſure the diameters of the ſun and moon, but ProLEMx does 
not ſay that he made uſe of it; it is probable however that he did, as he 
makes the diameter of the moon 334 at the mean diſtance. * A new ſtar 
having appeared in his time, he determined to make a catalogue of the fixed 
Naars, in order that poſterity might know whether any changes had taken place 

in the heavens. . This catalogue contains the latitude and longitude of 1022 
rug with their apparent magnitudes. ProlEux publiſhed theſe in his 
Almageſt, with their longitudes for that time. Hierazcuvs divided the 
heavens into 49 conſtellations ; that is, 12 in the ecliptic, 21 to the north, 
and 16 to the ſouth. He carried into Geography the plan which he had fol- 
lowed in Aftronomy, and laid down the places upon the earth's ſurface by 
their latitudes and longitudes. The determination of the circumference of the 
earth alſo occupied his attention, and he added 2 5000 ſtades to the meaſure 
given by ERATOSTHENE: Es. He appears to have collected all the eclipſes of 
| | | the 
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the ſun and moon he could meet with, obſerved by the Bibrlonlags. The 
| works of this great Aſtronomer are found in Prox RMx's Almageſt. 

1273. Aſtronomy made little or no progreſs from the time of HiPARcHuSOC 
to that of PTroLEMY, who was born in the year 69 of our era. His great 
work on Aſtronomy is entitled Meydàn EviraZs, or Great Confiruftion; and the 
Arabs gave it the name of Almageſt, by which it is now uſually called. This 
work is invaluable, both as containing his own diſcoveries, and as preſerving 
thoſe of Hi PARCHUSs. It was known that the moon was ſubject to a very 


_ _ conſiderable equation, which was fixed at 59. 1 at it's maximum. But Pro- 
LEMY diſcovered that this was true only when the apſides were in quadratures; 


and that when they were in ſyzygies it amounted to 7%. 40% the difference 


2% 39“ he called a ſecond inequality, which differs but a very little from what 
is obſerved at this time. He conſtructed an inſtrument to find the parallax 


of the moon, which he made 12. 7 at the zenith diſtance 5o*, a quantity much 
too great. Hie alſo;attempted to find the parallax of the ſun, Which he made 


2% 51“. He ſaid, that when the latitude of the moon was greater than the ſum - 
of the ſemi- diameters ot the moon and-earth's ſhadow, that there could be no 
eclipſe of the moon. And:if the latitude of the moon were leſs than the ſum 
of the ſemi-diameters of the ſun and moon, there would be an eclipſe of the 


ſun. But to tell whether it would happen at any particular place, he found 


it neceſſary to apply the moon's parallax. When he therefore diſcovered that 
the earth would be ſomewhere eclipſed, to determine whether it would happen 
at any particular place, he computed the place of the center of the moon for 5 
ſeveral ſucceſſive inſtants, and applied to them the reſpective effects of parallax, 
and thus he got the apparent diſtance of the centers of the ſun and moon; from 
which he deduced the times of the beginning and end. The element called 
the reduction to the ecliptic he perceived and explained. It appears alſo, that 
before the time of ProlEux, they reckoned the digits by the twelfth parts 
of the ſurface, and not of the diameter. The ſyſtem of the planets which he 


embraced is well known. He explained their motions by means of an epi- 
circle revolving upon an excentric cirele; but he was not able to find their 
relative diſtances, He confirmed the diſcovery of /Hieparcavs, of the pre- 
ceſſion of the equinoxes. Both ProLEMY and Hir ARcHVs determined 


the longitudes of the ſtars by comparing them with the ſun. And as they are 


not viſible in the day, they uſed the moon as an intermediate obſervation. 
He reduced the 49 conſtellations to 48. He mentions Berenices Hair, but 
did not admit it a conſtellation. He was acquainted with the effect of refrac- 
tion; having written a Treatiſe on Optics, where it is mentioned. ALHAZ EN 
quoted this Treatiſe, which exiſted in his time. The Almageſt is divided into 
thirteen books. 

I In 
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In the firſt, he endeavours to ſhow that the earth is: at reſt in the center of 
the univerſe; that it is ſpherical, and but a point in compariſon of the diſtance 
of the fixed ſtars: he alſo treats of the ewf — of . N _ their 


poſitions in a right ſphere. 
In the ſecond, he treats of the habitable f Pires! of a earth; and of the AF had 


and poſitions of it's circles in a right ſphere. 
The third book treats of the true length. of the year, of eee motion 


+7 


of the ſun in the ecliptic, and alſo of the unequal length of days and nights : 


it likewiſe contains pere * the A mean ene, and; re 4 uſing 
them. 32 e SPATE 4 af einten Ln 
In the ohne he treats of the Junky rilotiohs'; gives Tables for computing 
them, and exhibits -the principles, and" „ on which 8 are 
founded. 
In the fifth, he treats of the extantiiclty of t the lunar whit; 4 the TROY 
ties of the moon's motion: aſſigns the ar! f ot * nere and canths 


5 theit diſtances from one another: - 


In the fixth, he treats of the bebe 18 oppoſitions 0 the ſun 0 
moon, the li mits of ſolar and lunar eclipſes, and gives Tables for computing 


the times when they will happen. 

In the ſeventh; he treats of the fixed anz deſcribes the various conſtdllations 
by means of an artificial ſphere ; roctiſies their places ro his on time, and 
ſhows how different they then were from what they had been in the times of 
TixtocHAArs, Carreevs, HreyaARcHUs, and others: and ane with 


4 catalogue of the ſtars in the northern hemiſphere. 


The eighth Dook contains a catalogue of the ſtars in the 8 hemi- 

ſphere, as alſo a catalogue of the ſtars in the twelve zodiacal conſtellations : 
this catalogue of the ſtars is the oldeſt extant, and therefore conſtitutes a very 
valuable part of the work. The book concludes with a diſcourſe on the Galaxy, 
or Milky-way, and an account ral hs: ming ow bing of the fun and fixed 
ſtars. * 
The ninth book treats of: whi wdho af: the: planets, ad of their ee) 
Tevolutions : contains Tables of theit mean motions ; and concludes with the 
theory of Mercury, and Nen for it s vatious os eg as ſeen from 
the earth. 8 | 12 | 

Books the tenth and eleventh treat, in like manner, of the various phæno- 
mena of the planets Venus, Mars, Jupiter, and Saturn; and ſhows how the 
Tables have been corrected from the obſervations of preceding Aſtronomers. 

The twelfth book treats of the ſtationary and retrograde appearance of the 
planets ; and the thirteenth of their latitudes, the inclination of their orbits, 
riſings, ſettings, &c. 
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On the ane * the Arabs, ret, and” Tatar 


99 OP NEU ente 2% + id nt 5h 36 
1274. Aba an - Arabi Mb lived ba the year 818, 
He began his obſervations: upon the obliquity of the-ecliptic,: which he deter- 
mined to be 23% 35', according to GoL1vs; but in another edition of this 
author, it is 23˙, 33. This is related in the Elements of Aſtronomy, by 
ALFERGEN. About the ſame time it was determined by CAL 1D, ABULTIBUS, 
SEnED; and AL1s, to be 23% 33“. 527. We may therefore fix the obliquity of 
the ecliptic at that time at 2 3˙. 34 with the probability of. it's being near the 
truth. 

1275. Tutzirn, who was ben about the year 8 36, determined the length 
of the ſidereal year to be 365d. 64. 9.111”; and made the equinoctial points 
to have a motion, ſometimes direct, and ſomewmes ; retrograde. , He found 


the rapes Mf of r ard to be 299. 33. 685 12 . anne it to be 


L 


variable. i oh 
1276. Auers who flouriſhed — he Arabs about the middle 
of the gth century, was the greateſt Aſtronomer fince ProLEMy. Dr. HALLEY 


calls him, Auctor pro ſuo ſcculo admirundi acuminis, ac in adminiſtrandis obſervationibus 
exercitatiſimus. Finding that ProlEux's Tables of the moon and planets 


were defective, he conſtructed new and more correct Tables. He made the 
motion of the equinoxes to be 1*:1n-66 years, inſtead of 100 years, as it had 


been before ſuppoſed ; and examining the obliquity of the ecliptic, he found 


it 23%. 35 but if his oÞſervarions be corrected for parallax and refraction, it 
becomes:23% 35. 47”: The theory: of the: ſyn alſo engaged his attention; he 


found the excentricity of the earth's orbit to be $465, the radius being ooo. 


The place of the apogee he fixed at 225. 17 of Gemini; and PToLEMY having 
placed it at 5. 30“, he diſcovered that the apogee had an annual progreſſive 
motion of. 59". 4. in reſpect to the "Eh uinoxes, and (according to him) the 
motion of the equinoxes being 54". 32", the real mot ion from hence is 4“. 32“. 
He gave two equations to the moon, the ſame as thoſe which ProLEMy diſ- 
covered. He alſo obſerved two eclipſes of the moon, and two of the ſun. 
Theſe diſcoveries appear in a work of bis, entitled, De Numeris et Metibus 
Stellarum ; which contains alſo leveral NE, * the doetrine of the 


4 


ſphere. 5 | 
22 77. eee Ht yet he lived about the year 992, with 


a ſextant of 40 cubits radius, found the obliquity of the ecliptic 23* 32. 21% 


the limb of this quadrant was divided into ſeconds. 
Vor. II. LL | 1278, 44. 
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1278. ALBATURNIUS-ABUL-RIAN, about the year 995, according to 


Mr. BERNARD, or about 1070 e. to ABULFARAGIUS, with a qua- 


drant of 15 cubits radius, Ginn, he 8080 liquitys of the ecliptic 29. 35. 


1279. ARSACHEL, who le ut the year 1076, cortected the theory 


of the ſun, by making a great number of obſervations in various parts of the 


orbit." He made tie obliquiryof the edliptinc23% .. 
1286 Arnazen wrote uponithe.twilght; tha begidhiheaforith.be made 
wheritheſuiwagabourtrg2-bUlow'the horizon; and he computed the heſght of 
the attnoſphere to ber 3158 miles, ſuppoſing the dircumference of the earth to 
be £ 4060 miles. He wrdtera: FTreatiſe on Optica in ſevem books, in which he 
explained th true principles of ale reftaftian, of: a ray of light thropgh tlie 
air, and gave à method of finding the * of it. He liyed in the fiercnth 
2 41 
128 1. The uſe of the pendulum was Ae to the Arabs ; but no account 


F is given of the invemtor, or at what timè he lived. This * rem ed 
very ouglit to have immortaliſedꝭ it's author. 


1282. In he year 10% 2, the Sultan Marlieskuk implojecd Aﬀeiondtters to 
correct the length of the year; and Omar CHEVYAM determined the length of 
the tropical year to be 36 5d. 5. 48“. 48“, the very ſame quantity at which it 
is now fixed by M. de la LAN DE. He alſo corrected the calendar. 
1283. In the twelfth century, CHIO TA DES, al great mathematician of 
Conſtantinople, obtained permiſſion to import many books from Trebizond in 
Perſia ; from which we find that the Perſians had cultivated Aſtronomy with 
great ſuceeſs; as their Tables of the motions. of the planets, thoſe: of 


— Mercury excepted, were very exact. M. de PIsLE deduced | from theſe Tables 


the tropical year of the Perſians to be 365d. 51. 49“. 3“. 36”; the annual ma- 
tion of the apogee 5% 2 / 12%; and the fidereal year 3554. 66. 9“. 55 go”. 
The obliquity of thie ecliptic? in -thefe' Tables is 23% 35 tlie equation af the 
center of the ſun: 2 “. 30% ayd the Place 'of- _ apogee, in * — * 1 
Isprelnp, 62% 172; dn 0 7355 by | 

1284. In the thirteenth century lived Wannen: a coafirtied 
Tables from obſervations made at Maragh. He made «the obliquity of the 
* 235. 30˙. e e S410} e nie 287 6 £5053, $09 ONT : £48 

1285. Ar- Nönb ak" who lived ſoon after Nass IREDDIN ] made the 
obliquity 0 ne hs n wo 33; and ee a the TR was de- 
creaſing. 1 ats 1915+ at: — on 

1286. 1 the fifteenth century lived Oooh en a prince of Tame, 
and grandſon of the famous TaMERTA NR. He had:a gnomon- 180 feet high, 
with which he made his obſervations of the fun ; and the Tables which were 


rn from them were ſo We" that 9 differod but a very little from 


2 34+ 50 [thoſe 
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thoſe of Tycho. The Tables are divided into four parts; the firſt treats of 
the epochs: the ſecond, of the times of revolution; the third, of the motions 
of the planets; the fourth, of the fixed ſtars. He determined the preceſſion 
of the equinoxes to be 15 in 70 years. We find alſo in his Tables, the equation 
of the ſun's center 1*. 55. 33“. 12“ which diffets only. 41”. 30“ from the 
Tables of M. de la CAILLE. Alſo the epoch of the ſun for July 3, 1437) 
19h. 40%. 40” at Greenwich, is found to be 4*. 29% 16, 24”, which is only 
1'; 48” leſs than in the Tables of HALLE. It is rettiarkbbde, that the Orien- 
taliſts diſpoſed the Tables ſo as to have all their equations additive; which we 
have ſince followed. The ſidereal year he made 365d. 64. 100. 8“. 9“. 23%. 
He alſo determined the obliquity of the ecliptic to be 23. 300. 1x75 but if his 
obſervations be properly corrected for parallax and refraction, it comes out 
236. 31“. 58”, He alſo made a new e of the fixed ſtars. He was put 


to death by his on ſon in the year 1449. 


1287. It is to the Arabians that we are indebted, for the arent fatin of 


Trigonometry. They firſt made uſe of the fines inſtead of the chords of 
double the arcs. ARZAKEL left a Table of fines, ſuppoſing the diameter to 
be divided into 300 parts, GrEBER RIA two theorems which are the 
foundation of modern Trigonometry. 21 2 

1288. In the ninth century, the Arabians made their way into >: Sein, and 
thus by their intercourſe with all the weſtern -parts of Europe, they communi- 
cated to them the knowledge of Aſtronomy, which nn time had been 


[ 


loſt in that part of the worlo. 1 54: Lo 


: 
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1 1289. T he empefor FREDERTC T1, of Germany, who lived about che year 


verſities for that purpoſe. Look We a tranſlation of the Almagelſt 7 : 


PLoLERy.- | —- 5 4+ 
1290. SACROBOSCO, bat at Halifx, Leia * ceparditi6ni by hi 


knowledge in Aſtronomy. He ſtudied at Oxford, and afterwards? at Paris. 
He wrote a Treatiſe on the Sphere, containing an account of the celeſtial 
circles, the motions of the ſtars and planets, the riſing and ſetting of the ſigns, 
the diverſi ity of days, nights and climates, and the cauſes of eclipſes. This was 
compiled from the Almageſt, and from - fome of the Arabian Aſtronomers. 


He alfo wrote upon the calendar, and the eccleſiaſtical computations, which 


was at 'that' time a ſubject that engaged the attention of Aſtronomers. He 


„ ee e Pome tt e 
LLS: 1291, Abour 
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1291. About the year 1240, lived Arynonsvs X. king of Caſtile. The 
Tables of Prol EM becoming defective, he, in tlie life of his father, called 
together the learned in Aſtronomy; who met at Toledo, and made new 


Tables, which were called the Alplonſine Tables, in hofour of that prince, 


They were publiſhed in the year 1252, the firſt of his reign; The Tables 
were founded upon the ſame principles as thoſe of ProuzMy,! and on the 
ſame ſyſtem; and the correction conſiſted in that of the mean motions. The 
Jew R. Isaac Azzx$D, ſurnamed Hz Ax, was the principal author of theſe 
Tables. This king was depoſed by his ſon; and Mar LANA faith that he loſt 
the earth by contemplating the:beavens:;/-/ 1 tf 2d | | 
1292. About this time lived Roc ER e Aeta who 
wrote ſeveral works relating to Aſtronomy. He obſerved, that from the time 
of the reformation of the calendar by Jorrvs CæsAR, the equinoxes and 
tropics had anticipated nine days upon the time when ProrRux had obſerved 
them; and thence concluded that the anticipation was at the rate of one day 
in 125 years. He had the honour! therefore of diſcovering the neceſſity of cor- 


| recting the calendar. He underſtood the effect of ee lenſes, uit it does 
not appear that he combined them to form a teleſcope. 


1293. The cardinal NicoLas Cus A diſcovered dome om in ibe Tables 
of ALFHoNSUS; and he wrote alſo upon the reformation of the calendar. He 
remarked, that the motion of the fixed ſtars in the Alphonſine Tables did not 
agree with. the obſervations of /P7aLEMY. He appears to have been the firſt 
among the moderns who renewed the idea of the earth's: motion He died in 
the year 1464. 

1294. About the ſame time Wed PurBACH, a conſiderable Aſtronomer, 


who ſtudied in the univerſity at Vienna. He; wrote upon the theory of the 


planets, and attempted to correct the Tables of ProlEMx and ALPHONSUS. 
He calculated a Table of fines; for every ten minutes, to a radius of 60, as 
Prol xx had done, but he augmented it by ſive cyphers, on which account 


he is ſuppoſed to have been the inventor of decimal arithmetic, He con- 


ſlructed a celeſtial globe, and added to it a catalogue of ſtars. By combining 


the hypotheſes and elements of Prox ENV and ALPHONSUS, he gaye a more 


convenient form to the equations. In the year 1460, he printed a work, en- 
titled, 7. Boris des Planetes.” In his ſolar Tables, he placed the ſun” $ apogee | in 


the beginning of Cancer; and he uſed 23. 33“, 30“ for the obliquity of the 


ecliptic. M. WEIDI ER gives a catalogue of twenty works of this Aſtronomer. 

1295. BLAxchlrxus of Bologna, an Aſtronomer, cotemporary with PUR- 
BACH, was profeſſor of that / ſcience at Ferrara about 1458. He compoſed 
new Tables of the . celeſtial , motions, which he ted to the eps for 


; 1 REDERIC 0 Uh T were kit 1250 at Venice in 138 "Pp 
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1296. The next celebrated Aſtronomer was Joun MULLER, of Koniſberg, 
aà town in Franconia, better known by the name of REG10MONTANUs, that 
word being a Latin tranflation of the German word Koniſberg, Encouraged 
by the reputation of PuR BAH, he went to Venice at the age of fifteen, and 
became his pupil. Upon the death of PuxBAch he went to Rome, and 
made there ſome aſtronomical obſervations; but in 1471, he retired to 
Nuremberg, where he met with- BERNARD WALTHER, a zealous friend to 
| Aſtronomy, who was at the expence of conſtructing ſome valuable aſtronomical 
inſtruments, with: which 'P.z610MoNTANUs made obſervations. Puk BACH 
and REGIOMONTANUS diſcovered the imperfections of the ancient obſervations, 
by an ' obſervation of Mars compared with two ſtars near it, whereby this 
planet was found 2* diſtant from the place given by the Tables. The inſtru- 
ment which WALTHER made was an armilla, but much more complete than 
any which had been before conſtructed. It ſerved to obſerve in the plane of 
the ecliptic, the equator, and in the circles which are perpendicular to it, 
Thus they obſerved the latitudes and longitudes of the heavenly bodies to a 
confiderable degree of accuracy. PVR BACH and REGIOMONTANUS conſidered 


the heavens as a great dial; and that the ſtars would paſs in ſucceſſion over any 


meridian at the rate of 15* in an hour. This is the principle of the modern 
method of finding the right aſcenſions of the ſtars. REciomonTANnus 
computed an Ephemeris for 30 years forward. In the month of February, 
1472, a comet appeared, on which he made obſervations, and it was the firſt 
that had been obſerved in Europe. Pope Sixrus IV. wiſhed to reform the 
calendar, and ſent for Re610MonTANUs to aſſiſt in that work; in conſequence 
of which he went to Rome in the year 1475, and died of the plague in the 
year following. Other: accounts however ſtate, that he was put to death by 
the ſons of TRAPEZZ UN TIUs, in revenge for his having detected errors in the 
' tranſlation of the Almageſt by theit father. Scho x ER does him the honour 
of affecting, that he was a favourer of the ſyſtem of the earth's motion. 

1297. BERNARD WALTHER was born at Nuremberg in the year 1430. 
After the death of REGIOMONTANUS, he continued to make obſervations ; 
and in the year 1484, he made uſe of clocks in order to meaſure time. The 
firſt obſervation he made with a clock was, to find how long Mercury roſe be- 
fore the ſun. In an eclipſe of the moon February 8, 1487, we find he marked 
the time by the clock. HIPPARCHUs and PTroLEMY found the longitude of 
the ſtars by comparing them with the fun, making uſe of the moon as an in- 
termediate obſervation ; but WALTHER made uſe of Venus inſtead of the 
moon, which was much more exact, becauſe it's motion is ſlower, and alio 
on account of it's parallax being ſo ſmall. He made the longitude of Alde- 


baran 2% 35 of Gemini, in the year 1491. His obſervations were of eclipſes, 
| | of 
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of the longitudes of the planets. and fixed ſtars,” of the conjunctions of the 


planets with the planets and with the fixed ſtars, of their diſtances, and occul- 
tations. He obſerved the effect of refraction upon the ſun in the horizon. 
1298. Dominic NMARTIA was born at Ferrara in 1464, and was mathe- 
matical profeſſor at Bologna. He applied himſelf with great diligence to the 
making of celeſtial obſervations; and it was by his example and encouragement, 
that Cop ERN Ius was excited to p g ener me N ut moto 
the obliquity of the ecliptic. 23*. 29“ | rc u 

1299. Jonx Wzaxzn was born at Nuremberg in year 1468. een 
to Rome in 1493, where he devoted himſelf to mathematics, aſtronomy, and 
aſtronomical obſervations. In 1498, he returned into his own country, and 
deſcribed the motion of a comet, which appeared in April in the year 1500. 
He determined the motion of the fixed ſtars to be 1“. 10“ in 100 years; and 
made the obliquity of the ecliptic to be 237. 28. He conſtructed a machine to 
repreſent the motions of the planets according to the Ptolemaic ſyſtem; © - - (+ 

1300. The next Aſtronomer of eminence was NIcHOLAS CopEgRNICUS, 
who was born at Thorn in Pruffia, January 19, 1472. From his earlieſt years 
he was very fond of mathematical ſtudies; and. when he had learned the uſe 
of the aſtrolabe, and began to underſtand the principles of Aſtronomy, he was 
ſo ſtruck with the reputation of REG610MonTANUs, that he refolved to give 
up all his attention to that ſtudy. He went to BgJogna to viſit Downie 


MARIA, a profeſſor of Aſtronomy at that place; from thence he went to 


Rome, where he was made profeſſor of mathematics, and where he made 


| ſome obſervations about the year 1500. Returning to his own country, he 


applied himſelf to the ſtudy of Aſtronomy. He meditated upon the various 
ſyſtems, and examined all the hypotheſes; a circular motion of the planets 
about the earth he found would not folve the phenomena, and he could not 
admit the doctrine of the epicircles of Hieyarcavs and ProlEMux, which 
ſuppoſes the bodies to revolve about an imaginary center, and which; from it's 

complexity, he thought altogether unworthy of it's great Author. He diſco- 
vered that PHILOLAus had placed the ſun in the center, and that NiceTas 
had given the earth a rotation about it's axis; and: this led him to form the 
ſyſtem which now goes under his name. He was pleaſed with the ide of 
placing the ſun, as being the moſt glorious body in the heavens, in the center, 
ruling as it were and directing all the reſt, and was delighted with, the ſim- 
plicity, and harmony of the whole. He ſaid that by long obſervations he 
diſcovered, that if the motions of the planets be compared with that of the 


earth, and be eſtimated according to the times in which they perform their 


revolutions, not only their ſeveral appearances will follow from this hypotheſis, 
but it will ſo connect the order of the planets, their orbits, magnitudes and 
diſtances, 
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diſtances, and even the apparent motion of the fixed ſtars, that it will, be im- 
poſſible to remove one of theſe. bodies out of it's place, without diſordering 
the reſt, and even the whole univerſe alſo.” He alſo reaſoned upon gravity; 
and defines it#6 be © a certain natural defire, given by the Supreme Being to 
all the n of matter, by means of which they tend to unite under the form 
of a globe.“ Having eſtabliſhed his ſyſtem, he made obſervations, and com- 
pared them with the ancient ones, in order to correct the Tables. For this 
purpoſe he made himſelf a quadrant, and parallactic rulers, and other inſtru- 
ments deſeribed by PTOLEMY.. He made the preceſſion of the equinoxes to 
be 1 in 72 years; the obliquity of the ecliptic 23%. 28“. 14”; the excentricity 
of the earth's orbit 323, the radius being 10000; and the place of the earth's 
apogee 3*. 6%. 40“. In treating of the retrogradation of the equinoxes, he 8 | | 
obſerved that it had not a libratory motion, as TREBZITH imagined, He re- | 
marked, that the obliquity of the ecliptic decreaſed, and alſo the excentricity | E 

of the art s orbit, and thence concluded, that theſe circumſtances Gepended 
upon the'fame cauſe. He made the length of the tropical year 365d. 54. 40“ 
34”, which differing from the determinations of ProlEMx and ALBATEGNIVS, 
he concluded that ir was fubject to change. In order to explain the irregula- 
rities of the motions of the planets, - he retained the epicircles of ProLEMY. 
He adopted PrToLEtmyY's two equations of the moon; and having obſerved it's 
parallaxes, he found the greateſt to be 65. 48”, and the leaſt 50'. 19”, and 
the correſponding diſtances 525 and 68; ſemidiameters of the earth; the mean 
diſtance therefore was 603. He attempted to get the patallax of the ſun by 
the method uſed by ProLEMY, and found it to be 35, and thence the ſun's 
diſtance 1179 ſemidiameters of thE earth. The diatneter of the ſun in it's 
apogee he made 31“ 48", and in it's perigee 33'. 54”. When the moon was 
in it's apogee, and in conjunction or oppoſition, he made it's diameter 30%, 
when in perigee 35 when the apogee was in quadratures, the diameters he 
found to be 28. 45“ and 36. 44. His great work on Aſtronomy is intitled, 
Aſftronomia Iuſtanrata, and is divided into fix books. The ir contains an ac- 
count of his ſyſtem, and his reaſons for aſſuming it; together with ſome geo- 

| metrical theorems, and the doctrine of plane and ſpherical Trigonometry. 
The ſecond contains the doctrine of the ſphere. The Aird treats of the equi- 
noxes, ſolſtices, obliquity of the ecliptic, the theory of the earth's motion, and 
the inequality of ſolar days. The fourth treats of the motion of the moon. 
The fk and fixth are upon the theory of the planets. This work was com- 

| pleted about the year 1530; but it was with the utmoſt difficulty that his 
friends, even in the latter part of his life, could perſuade him to publiſh it ; 
at length however their entreaties prevailed, and he delivered it into their 


Hands to be publiſhed, and received a copy of it, only a few hours before 


were of great uſe to Corzixievs. 
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he died, which happened May 23, 1543, in the e your of his 


... 
1301. Ex AsMUs REinoLD, born at Thuring i in the year 1 61 1. publiſhed 


x ſeveral pieces on Aſtronomy. The Pruſſian Tables which he publiſhed for the 


meridian of Koniſberg, are ſaid, by M. de la LANDE, to be more a than 


thoſe of Cop ERx IS. 
1302. REIN ERUS O24, e FRris1vUs, was born in 1 508. He 


invented a new projection, placing the eye in the vernal equinox, and pro- 
jecting the circles upon the ſolſtitial colure. 


He alſo wrote two tracts on 
Aſtronomy; and propoſed to find the longitude by the moon. 
130g. SchoxkR was born at Caroldſtead, and ſtudied Aſtronomy and 


mathematics at Nuremberg. He made two obſervations on Mercury, which 
He improved the methods of making 


obſervations, explained the calendar, and publiſhed a deſcription of the earth 


by means of the terreſtrial globe. He died in the year 1547. | 
1304. Jean HouEL Tus was born in 1518. He made many ftrgwomical 


obſervations, and amongſt others, he found the height of the pole at Leipſi ic, 
which Treo Nene of. SULTERUS, a pupil of his, was the. maſter of 


7 Treno. 


' 1305. PETER 8 was born at Alcazar in Portugal, i in the year 1492. 
He frequently made aſtronomical obſervations, and being diſſatisfied with the 
inſtruments then in uſe, he invented a quadrant, and graduated it in the fol- 
lowing manner. He deſcribed: ſeveral concentric circles, the outermoſt he 


divided into go equal parts, or degrees; the next was divided into 89 equal 
parts; the next into 88, and ſo on; hence, the index of the quadrant muſt 


reſt upon, or very near ſome one of the diviſions, from which he eaſily com- 


puted the degrees in the arc. He wrote upon the twilight; upon navigation; 
upon the Properties of the rhumb lines on the globe; on aſtronomical inſtru- 
ments; upon various aſtronomical problems; gave a deſcription of a 
nautical plane ſphere; reſolved a problem of ARISTOTLE concerning a 
ſhip driven by oars, and made ſome remarks on the theorems of Pur BACH. 
He publiſhed a Treatiſe of Algebra in the Spaniſh language, at Antwerp; and 
pod that OxowT1us was deceived, in ſuppoſing that he had ſquared the 
circle, and doubled the cube by geometry. He alſo found the time of the 
year when the twilight is ſhorteſt. He died in 1 S 

1306. PETER AP PIA was born at Leiſnig, in poland, in the) year 149 5. 
He publiſhed a work in 1 540, called the Ceſarean Aſtronomy, dedicated to the 
emperor CHARLES V. and FERDINAND his brother, to ſhow how aſtrono- 
mical problems may be reſolved by inſtruments, He ſhowed how to obſerve 


the places of the ſtars by the aſtrolabe; and taught how to predict eclipſes, and 
delineate 


— 
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delineate them: off a plane. He obſerved five comets, one in the year 153 1 


one in 1532, one in 1533, one in 1538, and one in 1339; and he firſt 
remarked that their tails are always turned from the ſun. He died in 15 52, 
leaving behind him an Ephemeris from 1 534 to 1570 unfiniſhed. 

130%. George Joachim Rukricus was born in Rhetia. He was a 
pupil of Cor ERx i s; and in order to facilitate aſtronomical calculations, he 
began to conſttuct a Table of ſines, tangents and ſecants, for every ten ſeconds 
of the quadrant, but he did not live to finiſh the work. He died at Caſſobia, 
in Hungary, in the year 1576. 

1308. WIIELIAM IV. Landgrave of Heſſe, diſtinguiſhed himſelf greatly 
by promoting the ſtudy of Aſtronomy. - He applied cloſely to this. ſcience, 
and attached himſelf. to CARISTOPHER: RoTHMAN, an aſtronomer, and 
JosTvs Bonogos:c an excellent; inſtrument maker. With this aſſiſtance, he 
erected an obſervatory on the top of his palace at Caſſel, and furnithed it 
with quadrants, ſextants, and various other inſtruments; : and with theſe he 
made a great number of obſervations, which HevEL1vs Preferred to thoſe of 
Tycho. From theſe obſervations - he determined the latitude and longitude 
of 400 ſtars, which he inſerted in 3 catalogue, refljing their PrP. to the 
year 1593. He died in the year 15922 1 

1309. GERARD MERCATOR, born in 1 in the year 1512, made 
globes, and conſtructed a great many geographical maps. 

-- 1310. The next Aſtronomer of any conſequence was Tycho Bran, born 
of noble parents at Knudſtrop in Scania, in the. year 1 546. When, he was 


only fourteen years old he was ſtruck with aſtoniſhment at obſerying an eclipſe | 


of the ſun to happen ſo yery. near the time, it was predicted; z and it ſeems 
as if this led him to the ſtudy of Aſtronomy... In 156 3, he obſerved the great 
conjunction of the ſuperior planets ;. and in tracing. the courſes of the planets, 


and comparing them with the Tables of ALyHonsus and COPERNICUS, he 


ſaw that the Tables were ſubject to great errors. In announcing the great 
conjunction, the Tables of Al RHOoxsus erred a month. November 1 I, 1572, 
he diſcovered a new ſtar in Caffiopea's Chair; this ſtar was greater and more 
brilliant than Lyra and Procyon, and was ſeen in the middle of the day; but 
at length it's brightneſs declined, and it died away gradually, and diſappeared 
in 1574. It was obſerved by all the Aſtronomers in Europe. This pheno- 
menon excited Treua-to make a new catalogue of the fixed ſtars, which 

contained the places of 777, rectified to the beginning of the year 1600. In- 

| ſtead of the moon which was uſed to connect the ſun and the ſtars, he made uſe 
of Venus, as WALTHER had done before him. Tycho being recommended by 

the Landgrave of Heſſe, to FxeperIc II. king of Denmark, he gave him the 
_ +fland of Huenna, and ſupplied him with money to build an obſervatory, to 
Vol. II. MM | furniſh 
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with the beſt inſtruments, conſiſting of quadrants, ſextants, circles, armillæ, 
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furniſh it with inſtruments, and to ſopport himſelf. ' This T'yono'very gladly 
accepted, and called the name of the building Uraniburg. It was furniſhed 


parallactic rulers, rings, aſtrolabes, globes, clocks and ſun-dials; Theſe in- 
ſtruments were of excellent workmanſhip, and far more accurate than any 
which had been before made. Moſt of the diviſions were diagonal, but he 
had-one quadrant divided according to the method of Pzrzx Nowtvs. The 


whole expence is ſaid to have amounted to 200000 crowns. Here Ty HO 


made all his obſeryations of the ſtars, comets and planets, even to Mercury, 
which Cor ERNITIcSs had never been able to ſee. He firſt determined the 
place of a ſtar by obſerving it's azimuth, and the time of paſſing over it; 


but his clocks did not give the time with ſufficient accuracy; he therefore 


determined the place, by obſerving it's diſtance from two known fixed ſtars. 
In the courſe of the obſervations, Tycho made a very important diſcovery, 


that of the refraction of the air; and this he found from comparing the height 


of the equator as determined frod obſervations of the ſolftices, and: of the 


cireumpolar ſtars, for he found that they: conſtantly differed by 4; this he 
imputed to the refraction of the air. He made the horizontal refraction 24's 
and at 45* altitude he made it 2 and calculated a Table ſhowing the 
refraction at All altitudes: up to 45% He conſtructed new Tables of the ſun ; 


and determined the preceſſion of the equinoxes to be 1* in 71 years; he alſo 


found that the latitude of the ſtars, ſince the time of Timocnaris and 
Hr PPARCHVUS, had varied; thus he diſcovered that the ecliptic was ſubject 
to a variation. The theory of the moon alſo engaged his attention, and he 
diſcovered' a third equation, called the Variation. He alſo found that the 
motion the nodes was not uniform; and that the inclination of the orbit 


Was varia le; the leaſt inclination he made 4*. 58%, 30”, and the greateſt 
* 17, 30“, Which is A great proof of the- goodneſs of his obſervations. He 


very happily repreſented the variation of the motion of the nodes and of the 


inclination, by the motion of the pole of the lunar orbit in a ſmall circle. 
Theſe diſcoveries relating to the moon, do him great honour. He obſerved 


a comet in the year 1 577, and diſcovered that it had a parallax of 20, and 
thence concluded that it was about three times as far from us as the moon. 
He conjectured that they revolved about the ſun. The ſyſtem which he in- 
vented we have already explained. He made the obliquity of the ecliptic 
29 31'. 39”; and found the length of the ſidereal year 3654. 0, 9. 26". 45”, 
and the tropical 36 5d. 5h. 48". 45”, which is within 2“ or 3“ of the preſent 
determination. He found the diameter of the ſun in apogee to be 30“, and in 
perigee 32, and it's mean diſtance 1150 ſemidiameters of the earth. Upon 
the death of FRED ERIC II. it was e to the young king that the 


treaſury 
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arvaliay was exhauſted, and that it was neceſſary to retrench the penſions ; in 

conſequence of this, Tycho was deprived of his; upon which he removed to 
Copenhagen with, ſuch of bis inſtruments. as he could carry; but he there 
received an ordert to diſcontinue his obſeryations. Upon this he went to 


7 


Holſtein, and was introduced to the emperor Ropol nus, who ſettled a 


penſion, of 3000 crowns upon, him, and gave him a magnificent houſe ; here 
he renewed his. ſtudies, and the famous KEILER, who called him the Hip- 
PARCHUs of his age, became his ſcholar and aſſiſtant. He died October 24, 


| 1601, in the fifty-fifth year of his age, ſolacing himſelf that he had not lived 


in vain, and that his labours would redound to the glory of Gov. 
1311. LoncoMONTANUS was a pupil and aſſiſtant of Tycho at Uraniburg. 


He aſſiſted him in his catalogue of the ſtars, and in his theory of the moon. 


He afterwards went to Copenhagen, and was made profeſſor, and acquired 
great reputation by his aſtronomical knowledge. He died in the year 1647. 
1312, KEPLER was born at Wiel in Wirtemberg, the 27th of December, 
in the year 1570. He began to ſtudy Aftronomy very early, and had a turn 
for ſeeking analogies and harmonies in nature; and having, as he thought, 
diſcovered a curious one, he publiſhed it in 1596, and ſent it to TYcno; 
who, although he diſapproved of the work, ſaw ſo much ingenuity in it, that 
he ſent for KEILER to reſide with him at Prague; and from the obſervations 
of Tycno, he made his important diſcoveries. He made the refraction the 
fame for all bodies at the ſame height, and did not agree with Tyco, that 
there was no refraction above 45%; he alſo obſerved that it was different on 
different parts of the earth. He publiſhed a Treatiſe on Optical Aſtronomy, 
in which he treats of parallax, and the calculation of ſolar eclipſes, and ap- 
plies them to find the longitude on the earth's ſurface. He ſpeaks of gravita- 
tion, and applies it properly to the caſe of the earth and moon, and to the 
cauſe of the tides (220). He directed his attention to the motion of Mars, 
and publiſhed a work entitled De Motibus Stellæ Martis. He firſt employed 
a circular orbit, and determined it's excentricity ; but by comparing ſome 


diſtances of Mars from the ſun from obſervation, with the computed diſtances, 


he found fo great a diſagreement, that he concluded the orbit was not a circle; 
he then ſuppoſed it to be an ellipſe, and found the calculated diſtances agreed 


with thoſe deduced from obſervation ; hence, he concluded that the planets 


revolved about the ſun in ellipſes, having the ſun in the focus (217). Having 
determined the periodic times and mean diſtances of the planets, he diſcovered, 


by trial, the famous law, that the ſquares of their periodic times are as the cubes 


of their mean diſtances. He alſo found, that in the apſides the areas deſcribed 


by the planets in equal times were equal; and he ſuppoſed that the ſame was' 


true at every other point; and thence he concluded that the planets deſcribe 
M M 2 | about 
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00 the ſun equal areas in equal times. Theſe tliree important diſcoveries 
are the foundation of all plane and phyfical Aſtronomy. He ſolved the 


problem, now called KerLER'8 Problem, of cutting off from an ellipſe by a 
line drawn, to the focus, an area equal to a given area. He alſo announced 


the paſſage. of Mercury over the ſun in the year 1631 ; and the tranſits of Venus 
in 1631, od 1761. The works which this celebfated nen ere are; 


. 


* 
1 * 7 * 2” s 4 
= Pf : F - $+ 7 9 271 5 "4 £ 
* ; , * 8 "I IS # 4 # 


: or S Myſteryy in 1596 | 
| ' Optical Aſtronomy, in, 76045 n 5 [1-67-3605 
An Account of a new Star in Safaris, in ces. SLATE ige Of 
4. On the Motions. of Mars, in 1609. 
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6. New Ephemeris, from 1617 to 1656; £52902 07. He eee 
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78 93 3. Nasr the yea, . Pohle nis decades er jogarihms; 
| e of. ineſtimable va the practice of Aſtronomy. yr. 
oy 1314. About this time hy BATER, an Aſtronomer at Au ulbourg in Ger- 
N who rendered himſelf memorable 1 in Aſtronomy by his work, entitled, 
- Uranomettia,. which 1 is a very complete celeſtial atlas, containing all the con- 
ſtellations viſible in Europe; i in this the ſtars are hatked with the Greck letters. 
1315. LANSBERGIUS, born at Gand in 1560, publifbed a ſet of aſtrono- 
mical Tables in the yr 16, 323 and in 166; 3, ſeveral other works of 1 were 
publiſhed. ra N 
«of: 1316. Schix AD v was born at t Wirzembeng; he made many obſervations 
and compoſed ſeveral works upon Aſtronomy. He died in 1633 
| 1317. Horrox, was born at Hoole near Liverpool. He and his friend 
; | ay; Cnaprnes were the firſt perſons who obſeryed a tranſit of Ven! over the 
ſun's diſc; this tranſit happened November 24, 1639, according to lis on 
3 prediction. An account of this he wrote, and entitled it Pens in Sole viſu, 
| | [Which was. Publiſhed, by Hxyxlius.“ He gave a new theory of the moon, 
| "Fa making it, move ia an ellipſe about the earth! in it's focus. From obſervations 
on the diameter of the moon, he found that it's "apogee Was ſubject to an 


. "200898 equation of 125 5. This extraordinary young man died in a about 
the 
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the age of 22 years, His poſthumous works, publiſhed by WALL1s in 1673, 


are, Aſtronomia KePLERIANA, defenſa et promota. Excerpta ex Epiſtolis ad 


CRraBTR&AUM ſuum. Obſervationum cæleſtium catalogus. Lune theoria nova. 
1318. WILLIAM CRABTREE, the friend of Horrox, lived at Broughton 
near Mancheſter ; he obſerved the tranſit of Venus in 1639; and made many 
aftronomical obſervations, ſome of which were publiſhed in the works of 
Hok Rox. He died in 1641. | 
1319. GALILEO was born at Florence, in the year 1564. He diſcovered 
the laws by which bodies falling freely are accelerated, and the uſe of the. pen- 
dulum for meaſuting time. Having heard of the invention of the teleſcope, 
he, by conſidering the principles of refraction, conſtructed one which magnified 
more than 3o times. With this he immediately diſcovered the ſpots in the 


ſun, from which he ſaw that it had a rotation about it's axis; he ſaw alſo va- 


rious new appearances upon the face of the moon, from which he: concluded 
that it was very rough with hills and vallies. He alſo found that Venus put 
on the ſame phaſes as the moon. And making his obſervations upon Jupiter, 
he ſoon diſcovered that it had four moons. Afterwards he thought of making 
uſe of them for finding the longitudes of places upon the ſurface of the earth. 


He alſo diſcovered, as he thought, that Saturn was either compoſ:d of three 


bodies, or that it was in the ſhape of an olive, as he expreſſed it. Upon 
directing his teleſcope to the fixed ſtars, he was ſurpriſed to find that, inſtead 
of being magnified, they were diminiſhed, appearing only as points. He was 
a zealous defender of the Copernican ſyſtem, for which he was perſecuted, 
and caſt into priſon, He died in the your 1642. The N works * 
this gen man publiſhed, are n 
1. The Oberg of the Compaſs, geometrical and military. 
"'S: Diſcourſe on the Wen of Bodies upon, and their Submerſion in 
Water. 

3. Mechanics, or the Benefits Going from that Science. 

4. His Balance, for finding the e of Alloy, or mixed Metals. 


5. His Nuncius Sideris. 


6. A Continuation of the laſt Work; containing his laſt Obſervations on 


Saturn, Mars, Venus, and the Sun. 
A Letter concerning the Librat ion of the Moon. 

8. On the Solar Spots; with an Hm of the "Migtiqns ol Jupiter's 
Satellites. 

9. Problems in Mathematics. 

10. Mathematical Diſcourſes. 

11. A Treatiſe on the Mundane Syſtem. 
| 1320, Le 
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1320. Le P. Schzixxk, the affociate of GAL IL Eo, made a great many 
obſervations upon the ſolar ſpots, which he publiſhed in a work entitled, 
Roſa Urſina, He was the firſt who paid attention to the elliptical figure of 
the ſun when near the horizon. He died in 1650. 

1321. GoDEFROT VENDELINUS, an Aſtronomer in Holland, publiſhed | 
in 1626, a Diſſertation on the obliquity of the ecliptic, and eſtabliſhed it's 
variation, He was the firſt who —_— the parallax of the ſun to 15”, by the 
method of ArisTaRcnus. | 

1322. GassEnDvs obſerved the tranſit of Mercury over the ſun on Nov. 7, 
1631, and took ſeveral meaſures of it's diſtance from the center of the ſun. 

1323. RicctoLvs, a Jeſuit, was a man indefatigable in his aſtronomical 
purſuits. He publiſhed a work entitled, Almageſtum Novum, containing a 
collection of all the known obſervations, the methods, the determinations, the 
opinions and phyſical explanations of the phænomena. He publiſhed alſo his 
Aftronomia reformata, and Geographia reformata, containing very valuable col- 


lections. He attempted to meaſure the earth. His death happened in 1671. 


1324. PzYREsc, the protector and friend of GassExnDUs, was born in 
1580. He diſcovered the times of the revolutions of Jupiter's ſatellites, but 
announced that they were not very accurate. He alſo conſidered their con- 
figurations, and the method of finding the longitude from them. 

1325. Joux BayT1sT Morin, born at Villefranch in 1583, diſtinguiſhed 


himſelf by his attempts to diſcoyer the longitude by means of the moon. 


His method was good in theory, but not practicable ; on this account he 
could not obtain the rewards which had been offered for the diſcovery. 

1326. Szrn Warp, biſhop of Saliſbury, was born April 15, 1617. He 
was for ſome time of Sidney College i in this Univerſity, and afterwards went to 
Oxford, where he was made Savilian Profeſſor of Aſtronomy. In inveſtigating 


the place of a planet, he ſuppoſed that the motion of a body 1 in an ellipſe was 


uniform about the other focus (that focus in which the ſun is not); it appears 
however that BuLL1aLtDus had advanced the ſame eight years before ; and 
it is ſaid, that ALBERT CurTivs firſt ſuggeſted it. It is called however 
Ward's ' Hypotheſis. He publiſhed a Diſcourſe concerning Comets; an 
Enquiry into the Principles of BuLL1aLDvs's philolaic Aftronomy ; on Tri- 
gonometry ; and on Geometrical Aſtronomy. He died in 1689. 

1327. ANDREW TACQUET was born at Anvers, and wrote ſome good 
elementary things in Aſtronomy. He died in 1660. 


1328. THOMAS STREET, an Engliſhman, wrote a Treatiſe entitled Afrronomia 


Carolina, which were in uſe for a long time. They firſt appeared in 1661 ; 


and an edition of them was publiſhed by Dr. Harrzr in 1710. He con- 
ſtructed the Logiſtic logarithms. 


1329. Azour 


— 
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1329. Azovr was the inventor of the micrometer with a moveable wire; 
and he and PicARD applied teleſcopes to quadrants. He alſo made many 
obſervations, which are recorded by MoNNIER in his Hiftoire Celeſte. * 


died in 1691. 
1330. ALPHONSUS BonELILI was born at Naples i in 16083 and in the year 


1666, he publiſhed a Theory of the Satellites of Jupiter. 
1331. VINCENT WI NG, born in Rutlandſhire in 1619, publiſhed a work 


entitled, Alironomia Britannica, containing many uſeful Tables and obſerva- 


tions. 5 | 
1332. NicoLas: Mezxcaror was born at Holſtein. He publiſhed his 


Coſmography in 1651; his Aſtronomical Inſtitutes in 1676; and his Loga- 


rithmotechnica in 1678. 
1333. BULLIALDUS was born at London in 160 5. He made many aſtro- 


nomical obſervations, and publiſhed a valuable work, entitled, 4fronomia Phi- 
lolaica. He attempted to explain the three inequalities of the moon, according 


to the idea of Horrox. : 
1334. MicntL Laxckzxus of Anvers, mathematician to Pu1t1e IV. 


king of Spain, diſtinguiſhed himfelf by his obſervations on the ſpots of the 
moon; theſe he made ſubſervient to finding the longitude of places on the 
earth's ſurface, by obſerving, in a lunar eclipſe, the times at which the ſpots 
entered the ſhadow. 

1335. Joun Heverivs was born at Dantzic, on January 28, 1671. In 
1641, he founded an obſervatory, and furniſhed it with the beſt inſtruments 
that could be procured. Some of them were divided into every five ſeconds 
by a diviſion ſimilar to that of the vernier. Of theſe he gave a deſcription 
in his Machina Cæleſtis. The obſervatory, with all the inftruments and books 
which were in it, were deſtroyed by fire, on September 26, 1679. The 
damage was eſtimated at 30000 crowns. The ſecond part of his Machina 
Cæleſtis is very ſcarce, nearly the whole impreſſion having been burnt. He 
publiſhed a great work, entitled Selenographia, or a deſcription of the face of 
the moon and it's ſpots, with very fine engravings. He completed the ex- 
planation of the libration of the moon, which was begun by GALILEO, adding 
that of the longitude. Dr. HaLLey went to ſee him in 1679, and was 
charmed with the accuracy of his obſervations. He publiſhed his Cometogra- 
phia in 1668, containing a catalogue of all the comers which had been ob- 
ſerved, with many new obſervations and curious reſearches reſpecting their 
nature. He publiſhed a work called Prodromus Aſtrouomiæ, et nove Tabulæ 
ſolares und cum integro fixarum Catalogo, from his own obſervations; his catalogue 


contains 1888 ſtars. He died January 28, 1687. 
| 5 1336. HuYGENs 


— 


— 
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EY 6. Hvycens was born in 1629. His firſt work was "FO Syfema 
Sarurnium, in which he has explained the various appearances of Saturn's ring; 
and in the fame work he announced the diſcovery of a ſatellite of the ſame 
planet. In a work, entitled Horolagium oſcillatorium, he explained the method 
of applying pendulums to clocks, ſo ſo that the times of all their vibrations 
ſhould be equal. He was the firſt who inveſtigated the center of oſcillation. 
1337. RoBERT Hook was born in 1635. He invented the zenith ſector, 
in order to diſcover whether the earth had any. ſenſible annual parallax; and 
this led to the diſcovery of the aberration of light in the fixed ſtars, He alſo 
diſcovered a ſpot upon Jupiter in 1664; and made many other obſervations. 
He was the firſt-who formed the ves of ing a BI to take np by 
reflexion. | 
3 38. Davip GREGORY was profeſſor of Aſtronomy at Oxford. He pab- 

liſhed a Syſtem of Aſtronomy, in which he explained ſome parts of Sir * 
Nx wrox's Principia. He died in 178. — A. 
1339. WILLIAM WrisToNn was Lucaſian profeſſor of mtiontitics at 
Cambridge He publiſhed his Theory of the args in 1696; and in 1707, 
he publiſhed his Lectures on Aſtronomy. 
1340. Joan Dominic Cassint was born at Perinaldo, on June 8, £62 * 
In the ſetting out of his ſtudies, a book of Aſtronomy fell into his hands, 

which greatly attracted his attention, apd led him to the purſuit of that 
ſcience; and he was very early ce profeſſor of Aſtronomy at Bologna. 
Here he found a meridian line in the church of St. Petronia; but it not being 
correct, he obtained leave to rectify it. With this he determined the obliquity 
bf the ecliptic, and"the quantity of the refraction of the air. He alſo diſco- 
vered with it, the unequal motion of the ſun, and conſtructed new ſolar Tables. 
He reſolved the problem, to find the elements of the orbit of a planet from 
three obſervations. He taught the method of calculating eclipſes; and con- 
ceived a projection, which ſerved to find the longitude of places upon the 
earth's ſurface. He compoſed a work upon comets, from thoſe which he 
obſerved in 1664, and 1665. In 1665, he diſcovered the rotation of Jupiter 
and Mars about their axes, by means of their ſpots; and afterwards he diſco- 
vered the rotation of Venus. He employed himſelf upon the theory of Jupi- 
. ter's ſatellites, and publiſhed Tables of their motions. And from comparing 
the obſervations of their eclipſes with the times as calculated from theſe Tables, 
they were found to agree much better than was expected. At the requeſt of 
LEWIS XIV. he went and ſettled at Paris, and the Royal Obſervatory was 
entruſted to his care; and in 1671, he began to make regular obſervations. 
an the nn d AHronomie, by his ſon, we find that theſe obſervations were 
| upon 
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upon the equinoxes, ſolſtices, oppoſitions and conjunctions of the planets, 
In 1672, he determined the parallax of the fun to be 93”; and in the years 
1671, 1672, and 1684, he diſcovered four of the ſatellites of Saturn; and 
further obſervations ſhowed him that the fifth - ſatellite diſappeared regularly 
for about half a revolutien, when it was to the eaſt of Saturn; from this he 
concluded that it revolved abont it's axis; and Sir I. NewrTon further een- 


cluded, that the time of it's rotation was equal to the time of it's revolution 
about Saturn. He obſerved a belt upon Saturn, and a black mark upon the 


ring parallel to.it's edge, dividing it into two equal parts. He alſo gave new 
Tables of the ſatellites of Jupiter; and difcovered that the duration of the 
eclipſes of theſe ſatellites was variable, increaſing in length for three years, and 
then decreafing in length for the ſame time; this proved to him that their 
orbits were inclined' to the orbit of Jupiter. Upon examining the diſc of 
Jupiter, he diſcovered that it was not a circle; and by meaſuring the diame-. 
ters he made them differ the fifteenth part of the whole. He gave a new 
theory of the libration of the moon, which he explained by two movements 
about two different poles, In the year 1683, he diſcovered the zodiacal light. 


Theſe great and important diſcoveries form an epoch in the ſcience of Aftro- 


nomy. He died Miata 14, 1712, teaning for his ſucceſſor his ſon Jokx 
James CAss INI. 

1341. Jonn Pie ARD was born at Anjou. He and Auzour were we firſt 
who put teleſcopes to quadrants. In the year 1669, he gave a meaſurement 
of the earth; and in 1673, he eſtabliſhed the Royal Obſervatory, which had 
been committed to his care. In the Hiſtoire Celeſte, the reader may ſee his ideas 
for 1 improving Aſtronomy. He publiſhed the Connoiſſance des 7 emps for 16793 


and died in the year 1682. 
1342. Roms, or Rot MER, was born in Denmark in the year 1644, and 


came to France in 16 72. He diſcovered that light was progreſſive, from the 
eclipſes of Jupiter's ſatellites. In uns he returned to Copenhagen, and died 
in 1/10. 

1343. PniL1e De la n was born at Paris in the year 1640; Py in 
1687, he publiſhed his aſtronomical Tables; he likewiſe made a great number 
of aſtronomical obſervations. 

1344. JofN FLAMSTEAD, the coletiratel Engliſh Aſtronomer, was born 
at Derby Auguſt 19, 1646. In 1669, he calculated ſome eclipſes of the fixed 
ſtars by the moon, and ſent them to the Royal Society, and received the 
thanks of that body. In 1673, he wrote a ſmall tract on the diameters of the 
planets, when at their greateſt and leaſt diſtances from the earth; © which 
I lent, ſays he, to Mr. NEwToON in 1685, who has made uſe 96-5 it in his 
fourth book of his Principia Phil. Nat. Mathemat.” By the time he was 
es TR We NN 26 years 
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26 years old, he explained the true principles of the equation of time, a thing 
of the firſt importance in Aſtronomy, CHART ES II. having built an obſer- 
vatory at Greenwich, Mr. FLAMST EAD was appointed Aſtronomer Royal in 
the year 1676, at the recommendation of Sir L Mors.. A deſcription of the 
inſtruments with which the obſervatory was furniſhed is given in the Prolego- 
mena to the third volume of. the Hiſtoria Cæleſtis, which was publiſhed in 172 5. 
A volume of his obſervations were publiſhed in 1712, by Dr. HALL EHI, by 
the order of queen Axx; this diſpleaſed FramsTEAD; and he ſet about 
preparing his obſervations:for: the preſs, but he did not live to finiſh the work, 
and it was printed after: his death. The firſt volume of this great work con- 
tains the obſervations which he made firſt at Derby, and afterwards at Green- 
wich upon the fixed ſtars, planets, comets, ſpots of the ſun, and the ſatellites 
of Jupiter, during 33 years. The ſecond volume contains the paſſages of the 
fixed ſtars and planets over the meridian, with the places of the planets deduced 
from them: The third volume contains a prolegomena on the hiſtory of 
Aſtronomy, giving a deſcription of the inſtruments uſed by TYcao and him- 
lf; a catalogue of the fixed ſtars of ProlEMr, of Utvcn BRI, of 
Tycho, of the Landgrave of Heſſe, of HEVELIVs, of the ſouthern ſtars 
which had” not been obſerved above our horizon; and laſtly, the Britiſh cata- 
logue of 2884 ſtars, with their right aſcenſions, north polar diſtances, latitudes, 
and longitudes, and the annual variations of the right aſcenſions and north 
polar diftances. To theſe are added ſome aftronomical Tables conſtructed by 
ABRAHAM SHARP... This great work is an invaluable treaſure to Aſtronomers. 
His Atlas-Celeftis was publiſhed in 1753. He gave new ſolar Tables; and a  _ 
theory of the moon according to Hoxrox, He alſo publiſhed a Treatiſe on 
the doctrine of the ſphere, in which he ſhowed how to conſtruct eclipſes of the 
ſun and moon, and occultations of the fixed ſtars by the moon. Dr. HaLLezy's 
Tables and Sir I. NzwrToxn's theory of the moon were founded on Mr. 
FLAMSTEAD's obſervations. This great Aſtronomer died October 31, 1719. 
1345. Sir I. NEwToN,. the founder of phyſical Aſtronomy, was born 
December 25, 1642. In the year 1660, he was admitted at Trinity College, 
Cambridge, and in 1667, was choſen fellow of that ſociety; and in 1669, he 
was elected Lucaſian profeſſor of mathematics, upon the reſignation of Dr. 
Barrow, His great work, entitled Philoſophiæ Naturalis Principia Mathematica, 
was firſt publiſhed in 2686; and another enlarged edition was publiſhed in- 
1713, With a preface by CoTzs. In this work he unfolds the law of attraction, . 
and ſhows how it will ſolve the motions and the principal phenomena of the 
different bodies in the ſyſtem. And the ſame principles have been ſince further 
applied, and ſhown to be competent to account for all the ſmall inequalities of 


* motions of the n bodies. His en is founded upon experi- 
ment. 


Fea. 
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ment and demonſtration, and therefore it's truth cannot be controverted. His 
Treatiſe on Optics alone would have immortalized him. To enumerate his 
various diſcoveries, and the extent to which his principles lead, is here un- 
neceſſary, as they have already appeared in the courſe of this work. His in- 
ventions alſo in pure mathematics are well known to have been no leſs important 
than thoſe in philoſophy; and by a union of theſe, the progreſs of ſcience 
ſeems to be unbounded. His deep infight into nature, led him but the more 
to adore it's AuTHoR. He ſpent a conſiderable part of his life in examining 
the ſacred records; and that examination confirmed him in his belief of the 
relations contained in them. He died March 10, 1727, and was buried in 
Weſtminſter Abbey. 

1346. Rod ER Cors was born at Birbape i in Leiceſterſhire, July 10, 1682. 
He was educated at Trinity College, Cambridge; and in the year 1706, 
was elected Plumian Profeſſor of Aſtronomy and Experimental Philoſophy ; 
being the firſt who was appointed to that office. In the year 1713, he pub- 
| liſhed a ſecond edition of Sir J. NEwWrTOx's Principia, and inſerted all the 
author's improvements. To this edition he prefixed a preface, m which he. 
explained the true method of philoſophizing, ſhowed the foundation on which 
the Newtonian philoſophy was built, and refuted the objections which had 
been made to it. This extraordinary man died in 1716. | 
: 1347. James PHILIT MARALD1 was born Auguſt 21, 1665. He deter- 
mined the retrograde motion of the nodes of Jupiter, and the progreflive 
motion of it's aplielion. He alſo corrected the theory of Mars. In 1704 he 
perceived that the motion of Saturn was diminiſhing; and in 1714 he gave a full 
explanation of the phænomena of it's ring. From obſervations on the eclipſes 


of Jupiter's ſatellites, he concluded that the inclinations of their orbits were 


ſubject to a variation. This enquiry was purſued till his death, which hap- 
pened | in 1729. He left a nephew Joun Doi x IC MARALDI, who obſerved 
a variation in the inclination of the orbit of the third ſatellite, and an excens 
tricity of the orbit of the fourth. 

1348. At this time lived Mr. Pouxp. He meaſured the diameters of 
Jupiter, and found them to be as 12: 13; and publiſhed new Tables of the 
firſt ſatellite, for the computation of it's -eclipſes, making the equations all 
additive. He rectified the motions of the ſatellites of Saturn, and made 
ſome accurate obſervations on them. He alſo made further aſtronomical ob- 
ſervations, as may be ſeen in the Phil. Tranſ. 

1349. About the ſame time lived GABRIEL PIII de la HIRR, who 
examined the motions of Jupiter, and found that the progreſſive motion of it's 


aphelion, as given in the Rodolphine Tables, was too flow. He alſo con- 
W ſtructed 
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ſtructed a ſyſtem of croſs wires in the focus of the object glaſs of. a n, 
for the obſervation of eclipſes. 

1350. Francis Biancaini, born at Verona on . 2 13, 1662, 
publiſhed a work on the rotation of n. He alſo made a great a ob- 
ſervations. 

1351. De a was born July 14, 1671, and made many aſtronomical 
obfervations at Paris. He was the firſt who applied the micrometer to the 
quadrant. | | 

1352. The celebrated Aſtronomer, Dr. Epuund HALLEY, was born 


November 8, 1656, and entered at Oxford at the age of 17 years. Two years 


after, he publiſſied a direct and geometrical method of finding the aphelia 
and excentricities of the orbits of the planets. At the age of 20 years he went 
to St. Helena to make a catalogue of the ſouthern ſtars, which he publiſhed 
in 1679. During his ſtay there he obſerved the tranſit of Mercury over the 
ſun's diſc, and that ſuggeſted to him the idea of finding the parallax of the 
fun by the tranſit of Venus over it's diſc; this important problem he ſolved, 
and recommended to future Aſtronomers to put it in practice. Had he done 
nothing elſe in Aſtronomy, this would have immortalized him. In 1679, he 


made a viſit to HEvSLIUs, with whom he ſtayed and obſerved for ſome time; 


and returning home,. he ſoon after ſet out to make a tour upon the continent. 
with Mr. R. NRLSOx, his ſchool-fellow. In his way from Calais to Paris, 
he obſerved the remarkable comet in it's aſcent from the ſun, which he had 
before obſerved in i's deſcent. Upon his return, he married and ſettled at 
Iſlington, where he ſet up his aſtronomical inſtruments. In 1683, he pub- 


hſhed his Theory of the Variation of the magnetical Compaſs ;' in which he ſup- 


poſes that the earth has four magnetic poles. In 1684, he turned his thoughts. 
to the ſubject of the relation between the periodic times and diſtances of the 
planets, and goncluded from it that the centripetal force muſt vary inverſely 


as the ſquares of the diſtances ; but not being able to prove it, he applied to 


Mr. Hook and Sir CHRISTOPHER WREN; they however not being able ta 
give him fatisfaftion, he went to Cambridge to Mr. (afterwards Sir Is aac): 


Nxwrox, who ſoon gave him a proof of his poſition. Dr. Hailey be- 


coming acquainted with Mr. NEwToN, he perſuaded him to publiſh his 
Philoſophi# Naturalis Principia Mathematica, and undertook the care of the 


publication. In 1685, he publiſhed the method of finding altitudes by the 


barometer ; and in the next year came out his account of the trade-winds and 
monſoons. He alſo publiſhed a map, repreſenting their directions. In the 
year 1687, he undertook to explain the reaſons why the Mediterranean Sea is 
not obſerved to well, notwithſtanding there is no viſible. .dilkharge of the pro- 
4 | digious - 


RE HISTORY OF ASTRONOMY» 

7 * . 
digious quantity of water which runs into it from ſo many large rivers, and 
the conſtant ſetting in of the current from the ftreights. He. conſtructed - 
equations of three and four dimenſions ; and gave a rule for approximating 
to the roots of equations: He next undertook to publiſh a correct Ephemeris 


for 1688. In the beginning of 1691, he publiſhed Tables of the conjunctions 


of Mercury and Venus with the ſun. The next year he produced his Tables for 
ſhowing the value of annuities for life, founded on the bills of mortality; and 
ſoon after, he publiſhed his univerſal theorem for the foci of lenſes. Wiſhing to 


make obſervations in order to determine the variation of the necdle, he applied. 


to king WILLIAM III. who appointed him captain of a veſſel, with proper 


aſſiſtants. He croſſed the line and proceeded as far as 52* ſouth latitude ; and 


in his way back he touched at St. Helena, the coaſt of Brazil, Cape Verd, 
Barbadoes, Madeira, the Canaries, the coaſt of Barbary, &c. And on his 


return home, he publiſhed a chart with curve lines denoting the variation of 


the compaſs. Soon after this he went out to obſerve the courſe of the tides in 
the Britiſh channel, with the ſituations of the principal head-lands, Upon the 
death of Dr. WALL1s, he was appointed Savilian Profeſſor of Geometry at 
Oxford; and, by requeſt, he tranſlated Apollonius from the Arabic into Latin. 
In 1705, he announced the return of a comet in the year 1759, which hap- 
pened accordingly within about a month of the time he predicted. He had 
the glory of being the firſt who foretold an event of this kind; and it is the 
only one which has been predicted and the prediction fulfilled. He publiſhed 
a Synop/is of the Aftronomy of Comets. In 1713, he was appointed ſecretary, to 
the Royal Society. As perfecting the theory of the moon was his great 


object, he was now determined to complete it; and | in 1715, he finiſhed it, 


ſo far as regarded the ſyzygies; ſo that his calculation of eclipſes anſwered to 
a degree of accuracy which had never been before experienced. His reputation. 
was now ſo great, that upon the death of Mr. FLAusTEAPD in 1719, he was 
appointed the Aſtronomer Royal at Greenwich; in which year he: publiſhed 


new Tables of the ſun, moan and planets. This gave him an opportunity of 


completing the theory of the, moon's motion. He therefore immediately fixed. 


up a tranſit inftrument, and began his obſeryations ; ; and though he was then. 


in the 64th year of his age, yet he attended to obſerve the moon's tranſit for 
18 years afterwards; in the firſt nine years of which he made 1 500 obſerva- 


tions, which he announced to the public, and ſhowed how they tended to 


correct the theory of the moon. In the year 1725, he procured a mural qua- 
drant with which he allo obſerved. Upon the acceſſion of GEORGE II. to the 
throne, his conſort, Queen CaROLINE, made a viſit to the Royal Obſervatory 
at Greenwich, and was much pleaſed with the reception ſhe there met with ; 


and Dr. HALLEY having formerly ſerved as a captain in the navy, ſhe ob- 
tained. 
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. tained for him his half pay for that commiſſion, which he enjoyed a u ir 
life. An offer was made him of being mathematical preceptor to the Duke 
of Cumberland, but he declined that honour by reaſon of his age, and alſo as 
it would interfere with his duty at the obſervatory. In 1729 he was admitted 
a foreign member of the academy of ſciences at Paris, in the room of Signior 
Bi AxcHIN I. After his death (which happened the 14th of January, 1742), 
M. Mairan read an elogy on him before the academy, in which he ſpeaks 
of the univerſality of his genius, as comprehending a knowledge of almoſt all 
the ſciences, aſtronomy, geometry, algebra, optics, artillery, ſpeculative and 


experimental philoſophy, natural hiſtory, antiquities, philology, and criticiſm ; 
abounding with ideas new, ſingular and uſeful. And concludes with obſerving, 


that he had all the qualifications neceſſary to recommend him to the attention 
of princes, and the + er of the learned. He was buried at Lee near 
Greenwich. 
1353. Joux JAuxs Cant (fon of Joi Domtnre Cassrnt, before 
mentioned) Was born at Paris February 18, 1677, and died April 1 5, 1756. 
He publiſhed a Syſtem of Aſtronomy, with aſtronomical Tables; a very valu- 
Able work. A great part of this was founded upon the obſervations of his 
father. He alſo publiſhed many other things in the different Memoirs. 
CxsAR Francis Cassint de Tnvay his fon died in 1784, after having 
made a great many uſeful obſervations in Aftronomy. Joun Douixic 
.Cassnt (fon of M. de Tuvxx) is how at the obſervatory of Paris. i 
1354. BoveveR was born at Croific F ebruary 10, 1698. His Treatiſe on 
a the figure of the earth is a valuable work. He, Gopix, and De la Conpa- 
-MINE went to South America to meaſure a degree; and in order to put the 
doctrine of univerſal attraction to the teſt, they found that the Cordilleras 
actually attracted che plumb line 117 drew i it . peo ow: It's Fee 
5 poſition. N 
1355. Mb Pini was Bolt at 8. Malo b eaber 8, 1698, and 1s 
celebrated for his journey to Lapland in order to meaſure a degree of latitude. 
_ - colleagues were CLAIRAUT, Camus, Le MoxxIER, the Abbe OurRIER 
and Cersvs. MavperrT1vs publiſhed alſo the Elements of Geography, and 
Nautical Aſtronomy. He died in 17 _ | 
1356. De la CaiLiLE was born in 1713, and was 'one of the firſt Aſtro- 
nomers of his time. He publiſhed an Ephemeris; Tables of the ſun; 
a Catalogue of the fixed ſtars; on Parallax, Refraction, and the Fi igure of 
the Earth; on Comets and Eclipſes. His obſervations may be found in the 
Memoires de I Academie. He went to the Cape to make obſervations in order 
to determine, in conjunction with thoſe made in Europe, the parallax of the 
moon. And from theſe obſervations he alſo determined the quantity of re- 
| fraction. 
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fraction. His Aſtronomical Leſſons were publiſhed in 1746. This celebrated 


Aſtronomer died in 1762. 
1357. PETER HoRR RBO made a great many aſtronomical ae 


and publiſhed his Clavis Affronomiæ, and Babs Amme. He died at Copen - 


hagen in the year 1764. | 
1358. Joszen Nickor As de lab E was bens at Paris in 1688. By his 


reſearches, calculations and obſervations, he contributed much to the e 
of Aſtronomy. He died in 1768. 

1359. The celebrated Engliſh Aſtronomer IAuxs BraDLEY was born in 
1692. He immortalized himſelf by two of the moſt delicate and important 
diſcoveries that ever were made in Aſtronomy; the aberration of light in the 
heavenly bodies; and the nutation of the earth's axis; the former of which 
he ſhowed to ariſe from the progreſſive motion of light and of the earth in it's 
orbit; and the latter, from the attraction of the moon upon the protuberant 
parts of the earth above that of it's inſcribed ſphere. He obſerved the comets 
which appeared in 1723, 1736, 1743, and/1757, and computed the elements 
of their orbits. He conſtructed new Tables of Jupiter's ſatellites from his own : 
obſervations and thoſe of Mr. PounD; - On the death of Dr. HaLLzr in 
1742, he ſucceeded him at the obfervatory at Greenwich ; from which time to - 
that of his death, he was indefatigable in obſerving the ſan, moon, planets - 
and fixed ſtars. He ſettled the quantity and laws of refraction to a great de- 
- gree of accuracy; and gave a very elegant rule for correcting the mean re- 
fraction from the variation of the weight and temperature of the air. In the 
year 1750, he procured a very fine tranfit inſtrument to be made for the ob- 
ſervatory, by Mr. Bizp ;> and alſo a mural quadrant of braſs of eight feet 
radius. With theſe enen he continued his obſervations till the time of 
his death, which happened in 1762. The firſt volume of theſe obſervations is 
juſt now publiſhed by Dr. Honxxs gx, profeſſor of Aſtronomy at Oxford, who, 
on account of his health, has conſigned the publication of the remaining part 
to Mr. RoBgRTSON, Savilian profeſſor of geometry. 

1360. TOBIAS MAYER was born at Marbach in Wirtemberg, February 
17, 1723. His firſt obſervations were made at Nuremberg; afterwards he 
went to Gottingen, where he continued to obſerve with very excellent inſtru- 
ments. His great object was to conſtruct correct Tables of the moon; for 
which purpoſe he compoſed a very elegant theory, with which, and his obſer- 
vations, he formed new and very correct Tables of the motion of the moon. 
A copy of theſe in 1755 were ſent here to the Right Honourable the Lords 
Commiſſioners of the Admiralty, putting in a claim for the reward offered for 
the diſcovery of the longitude. Dr. BRADbLET compared them with his own 


accurate obſervations, and was convinced of the excellency of the Tables. But 
Mar ER 
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Marz continued correcting them till the time of his death (which happened 
in 1762), and left behind him a more complete ſet of Junar Tables, and alſo 


a very correct ſet of ſolar Tables. For theſe his widow received { 3000, He 


alfo left a catalogue of the fixed ſtars. - A volume of his poſthumous works 
was publiſhed in 1774; and it is to be hoped that the world will be favoured 
with thoſe which remain unpubliſhed. 

1361. M. WarcenrtiN, an excellent Aſtronomer of erden, publiſhed | 
a ſet of Tables for computing the times of the eclipſes of Jupiter ſatellites, in 
the Upſal Acts for 17413 and ſince chat time he has applied various mann 


to them. 


1362. Of thoſe who have written upon rden Aſtronomy, M. Crarnavr, 


 D'ALtsmszrt, Evier, Mayes, Faisr, Simeson, La Prace, and M. 


de la GRANGE are the moſt eminent. By the labours of theſe celebrated ma- 


thematicians, the Tables of the motions of the bodies in our ſyſtem have been 


corrected to an extreme degree of accuracy; and their names will go down 
to poſterity, as completing that ne of which the GREAT NRW TON 
laid the foundation. 

1363. Upon the death of Dr. BxAPLEY, Mr. Burss, Savilian profeſſor of 
Aſtronomy at Oxford, ſucceeded him at the obſervatory at Greenwich, who 


lived there but a very little time, dying in the year 1765. 


1364. M. BaiLLy publiſhed at Paris the Hiſtory of ancient and modern 
Aſtronomy. We are allo indebted to him for a valuable Treatiſe on the theory 
of Jupiter's ſatellites, which was printed in the year 1766. | 

1365. Dr. Loxe, maſter of Pembroke Hall, Cambridge, and Lowndian 
Profeſſor of Aſtronomy, publiſhed a Treatiſe on Aſtronomy in five books. 
He alſo conſtructed a ſphere of 174 feet diameter, in which there is a floor ſo 
ſuſpended, that the ſphere has a free motion about it's axis. On the concave 
ſurface, the conſtellations are painted. The mechaniſm is very e c and 
ingenious. He died in 1770, in the goth year of his age. _ 

1366. In the year 1739, Mr. Dux rTRHORNE publiſhed his Mirai of the 
Moon; the Tables were conſtructed from Sir I. NewrTow's theory; to which 
he added precepts for calculating eclipſes. 

1367. In 1741, M. le MoxxIER publiſhed his H fire Cel ge, containing 
a collection of obſervations from the year 1666 to 1685, made by order of the 
king; with a preliminary diſcourſe. 

1368. M. P1xczz' publiſhed a very valuable work, entitled Cometographic, 


containing the hiſtory and theory of comets. my was e in 178 3, and 


1784. 
1369. To that celebrated a M. a la a the world is in- 


debted for the moſt important improvements in the ſcience of Aſtronomy. 


Through 
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Through fo extenſive a field he has leſt no track unbeaten ; almoſt every part 
has received improvements from him; but we cannot here enter into a detail 
of them. His Syſtem, of Aſtronomy is invaluable; and has tended far more 
to the general promotion of that ſcience than all other works which ever ap- 
peared upon the ſubject. The Ours a aw great Aſtronomer will per n 
his name. 

1370. For the diſcovery of a ſcventh primary bent we are indebted t to 
Mr. (now Dr.) HERScRHEL. By his great {kill and induſtry in the conſtruction 
of very large ſpecula, he has made teleſcopes which have opened new views of 
the heavens, and penetrated into the depths of the univerſe; unfolding ſcenes 


which excite no leſs our wonder than our admiration. To this new planet he 
has diſcovered ſix ſatellites; and alſo two more belonging to Saturn; thus he 
has added nine bodies to our ſyſtem ! The various and intereſting diſcoveries 
of this illuſtrious Aſtronomer. the reader may ſee in the Philoſophical e en 


they are ſuch as muſt tranſmit his name to the lateſt poſterity. . | 
1371, Dr. MasXELYNE ſucceeded Dr. Bliss at the obſervatory at Green- 


wich. To the abilities and indefatigable attention of this celebrated Aſtro- 
nomer, nautical Aſtronomy is altogether indebted for it's preſent ſtate. of 


perfection. Of our Nautical Almanac, that great Aſtronomer M. de la Lane, 


thus writes: . On a fait à Bologne, à Vienne, à Berlin, à Milan; mais le Nautical 


Almanac de Londres eſt Vephemeride la plus parfaite qu'il y ait jamais eu. 
He has eſtabliſhed the Newtonian doctrine of univerſal attraction upon the 


firmeſt foundation, by his experiments upon Schehallien. His regular obſer- 


yations of the ſun, moon, planets, and fixed ſtars, which are every year pub- 
liſhed, are allowed to poſſeſs an unrivalled degree of accuracy; and we may 
conſider them as the baſis of future improvements of the Tables of the plane- 
tary motions. , M. de la LAx DE in his Aſtronomy (Vol. ii. p. 121. laſt edit.) 


ſpeaking; of aſtronomical obſervations, ſays, * Le recueil le plus moderne et 


le plus precieux de tous eſt celui de M. MasXELYNE, Aſtronome Royal 
d' Angleterre, qui commence à 1765, et qui forme déja deux volumes in- folio 
juſqu'à 1786. La preciſion de ces obſervations eſt fi grande, qu'on trouve 
ſouvent la meme ſeconde pour l'aſcenſion droite d'une plancte deduite de 
diferentes étoiles, quoiqu' on y emploie la meſure du temps.” His catalogue 
of fundamental ſtars is an invaluable treaſure. Theſe and his other various 


important improvements in this ſcience entitle him to the moſt diſtinguiſhed 


rank amongſt Aſtronomers, and will render his name illuſtrious, as long as the 
(cence of Aconomy ſhall continue to be cultivated. 


We muſt leave it to poſterity to do ample Juſtice to thoſe whoſe bonn are 
not yet at an end, | 


vor. II. " a | CONCLUSION. 
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CONCLUSION, 
| LACS ON I 4 
— 0 | | * 
0 ! | | , L e z by xd 5; 
oy 1372. TT has been juſtly obſerved, that the knowledge of nature 
2 8 Lis the firmeſt bulwark againſt Atheiſm. At a time there- 
fr, for when infidelity ſo much prevails, and when even philoſophy has been 
charged with promoting it, it may be proper, in order to ſtop the prevalence 
of the former, and refute the unjuſt charge againſt the latter, after having 
treated on the ſyſtem of the univerſe, to take ſome 'notice of thoſe extraordi- 
nary marks of deſign in it's conſtruction, Which prove'fo clearly that it could 
not have owed it's formation to chance, but to the contrivance of infinite 
5 Wrsbom. The Dzrrx can only be known by his works; and the works of 
the creation afford a very convincing proof of a ſupreme BEING, who formed 
: ſuch vaſt bodies, and © gave them laws that ſhould not be broken.“ If we 
trace not the cauſe from the effect, we neglect to direct our knowledge to that 
end, to which all our enquiries into nature ought to tend. From the works 
of Gop, we mult ſeek to know him. Let us not deny the being of a ſupreme 
INTELLIGENCE, who is the cauſe of all things, becauſe he is not the object of 
our corporeal ſenſes ; © he has not left himſelf without witneſs;“ his exiſtence 
and attributes are manifeſt from the conſtruction of the univerſe, and the ends 
for which it was formed; but the nature of his eſſence ſurpaſſes the en 
of our limited faculties. © We fe but in part.“ 
The obvious argument for the exiſterice of a Derry, who formed: anc 
governs the univerſe, is founded upon the uniformity of the laws which takes place 
in the production of ſimilar effects; and from the ſimplicity of the cauſes which 
produce the various phænomena. The moſt common views of nature, how- 
| 935 ever imperfect and of ſmall extent, ſuggeſt the idea of the government of a 
Gow, and every further diſcovery tends to confirm that perſuaſion. The ancient 
philoſophers, who ſcarce knew a fingle law by which the bodies in the ſyſtem 
are governed, {till ſaw the DRI rx in his works; how viſible therefore ought he 
to be to us, who are acquainted with the laws by which the whole is directed. 
3 The ſame law takes place in our ſyſtem between the periodic times and diſ- 
| tances of every body revolving about the ſame center. Every body deſcribes 
about it's reſpective center equal areas in equal times. Ever body is ſpherical. 
| Every planet, as far as our obſervations reach, is found to revolve about an 


mo ; axis; and the axis of each is oblerved & to continue parallel to itſelf. Now as the 
| ' circum» 
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circumſtances which might have attended theſe bodies are indefinite in variety, 
the uniform ſimilarity which is found to exift amongſt them, is an irrefragable 
argument of deſign. To produce a ſucceſſion of day and night, either the 
ſun; muſt reyolve every day about the earth, or the earth muſt revolve about 
it's axis; the latter is the more fimple cauſe, and accordingly we find that the 
regular return of day and night is ſo produced. As far alſo as obſervations 
have enabled us to diſcover, the return of day and night in the planets is pro- 
duced by the operation of a ſimilar cauſe, It is alſo found, that the axis of each 
planet is inclined to the plane of it's orbit, by which a proviſion is made for 
a variety of ſeaſons; and by preſerving the axis always parallel to itſelf, ſummer 
and winter return at their ſtated periods. Where there are ſuch inconteſtable 
marks of deſign, there muſt be a DEs lex RR; and the unity of deſign through 
the whole ſyſtem, proves it to be the work of Ox ER. The general laws of na- 
tore ſhow the exiſtence of a divine INTELLIGENCE, in a much ſtronger point 
of view, than any work of man can prove him to have acted from intention; 
inaſmuch as the operations of the former are uniform, and ſubject to no va- 
riation; whereas in the latter caſe, we ſee continual alterations of plan, and 
deviations from eſtabliſhed rules. And without this permanent order of things, 
experience could not have directed man in reſpect to his future operations. 
[Theſe fixed laws of nature, fo neceſſary for us, is an irreſiſtible argument 
that the world is the work of a wiſe and benevolent BEIN. The laws of 
nature are the laws of Gop; and how far ſoever we may be able to trace 
up cauſes, they muſt terminate in his will. We ſee nothing in the heavens 
which argues e 5 the whole creation 1s ſtamped with the marks of 
DivinatTy. 

We can form no idea of that power called Attraftion, by which diſtant 
8 are made to act upon each other without any apparent connection; and 
yet we know that all the bodies in our ſyſtem are retained in their ny" by 
ſuch a power. And it is a very ſingular inſtance of the unerring wiſdom of 
the CREATOR, that the law which this power obſerves is ſuch, that notwith- 
ſtanding the mutual attractions of the bodies, the ſyſtem will never fall into 
ruin, but is capable of preſerving itſelf to all eternity. Moreover, the mutual 
attraction which takes place between diſtant bodies, could not of itſelf, either 
produce their motion about the ſun, nor the rotation about their axes; it 
required an external impulſe to operate in conjunction with it, to produce 
thefe effects; an act, which nothing but the arm of OuxTPOTENCE 
could accompliſh... And the power which thus connects the diſtant bodies, 
operates alſo on the conſtituent particles of the ſame body, and preſerves it's 
figure; -forwithout attraction, the particles muſt have been diſſipated by their 
rotation. - An inviſible power pervades the whole ſyſtem, and preſerves it. 
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In the effects produced by man, we ſee the opetation of the um but the 
ways of the ALMIGHTY are paſt finding out.“ 

The ſun, that great and only fountain of light and heat, is Fwy in the 
center of the ſyſtem̃; and whilſt by it's influence it retains the planets 1 in/their 
orbits, it pours forth it's rays and gives life to the creation. The formation 
of ſuch a glorious body, and it's arrangement, are rer oo Rn FSA afford 
wel cleareſt evidence of deſign. | "1 J OT e DAGBID 59.4: 

Hence, in whatever point of view we take a ſurvey of our ſyſtem, we 


3 
1 


trace the power, . wiſdom, and goodneſs of the CREATOR. His power, in 


it's formation; his wiſdom, in the ſimplicity of the means to produce the 
ends; and his goodneſs, in making thoſe ends ſubſervient to our uſe and 
enjoyment. Thus we are led by our enquiries into the ſtructure of the uni- 
verſe, to the proofs of the exiſtence and attributes of a ſupreme BR Ixo, who 
formed and directs the whole. Arguments of this kind produce conviction 
which no ſophiſtry can confound, * Every mari may ſee it; man may behold 
it afat off.“ Let not therefore the ignorant declaim againſt thoſe purſuits 


which direct us to a knowledge of our CREaToR, and furniſh us with un- 


n arguments againſt t the Infidel and; the Atheiſt. = 
But if we carry our views up to the firmament of the fixed ſtars, the power 
of the Derry will be till more aſtoniſhing. Let a man "contemplate the 


ſtarry heavens, and conſider "thoſe glorious bodies only i in reſpe& to number, 
magnitude and diſtance, and it can ſcarcely fail to convince him of the exiſtence 
of an omnipotent BEING. By the late improvements of teleſcopes, the ſtarry 


ſyſtem appears to be without bounds; and 'the greater part of theſe bodies 
not being viſible to the naked eye, we may conclude that they were not made 
for our uſe, nor for the uſe of any part of our ſyſtem. They are undoubtedly 
bodies ſimilar to our ſun, appeating ſo ſmall from their immenſe diſtances; 
for opaque bodies at that diſtance could not be ſeen by reflected light. From 


the uniformity of nature, in all thoſe parts which we have been able to examine 


and inveſtigate, we may conclude, that bodies ſimilar ito our ſun were created 


for the ſame cauſe, that of giving light and heat to the inhabitants of ſyſtems 


of planets ſurrounding them. We may therefore conceive the whole univerſe 
to be filled with created beings, enjoying the bounty of their CREATOR, and 
admiring his works. This benevolence” of the DzrtyY' in giving life to an 
almoſt infinite number of beings, muſt raiſe our | admiration, till we are 
loft in contemplating his goodneſs. That every individual ſhould exiſt under 
his protection, and be regularly ſupplied by his bountiful hand with every 
thing which is neceſſary for enjoyment, ought to make us very humble before 


him. And that every being in the univerſe ſhould be under his care, and 


tag up here for the further enjoyment of him hereafter, is a thought 
3 ; 4 which, 
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which, if duly impreſſed, would penetrate us with the deepeſt ſenſe of gratitude 


to our CREATOR, and excite us to love and obedience. The diſappearance 
of ſome ſtars may be the deſtruction of that ſyſtem at the time appointed by 
the DEI TV for the probation of it's inhabitants; and the appearance of new 
{ſtars may be the formation of new ſyſtems, for new races of beings then called 
into exiſtence to adore the works of their CREATOR. Thus we may conceive 


the DerTY to have been employed from all eternity, and thus continue to be 


employed for endleſs ages; forming new ſyſtems of beings to adore him; and 
tranſplanting thoſe beings already formed into happier regions, where they may 
have better opportunities of : meditating. on his works; and ſtill riſing in their 
enjoyments, go on to contemplate ſyſtem after ſyſtem through the boundleſs 
univerſe. | 5 
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A GREAT many of "theſe Tables are taken got D. Masx ELYNE's firſt 
volume of his excellent obſervations; but Table VI. contains the right aſcen- 

- fion of his fundamental ſtars as more accurately ſettled by him from obſer- 
vations which he afterwards made. From the improvement of inſtruments 
and the modern theories of Aſtronomy, a great many irregularities of the 
motions of the bodies in our ſyſtem Have been diſcovered ; the labour therefore 
of making computations in Aſtronomy has of late been ſo much increaſed, 

that it is neceſſary to give every poſſible affiſtance to the practical Aſtronomer. 
The Tables fete ſubjoined arg intended for that phrfpõſe, aH will be found 
very uſeful in facilitating aſtronomical calculations, 
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858 HORIZONTAL DIAMETER OF THE MOON. 
5 eee . | 
/ a9, | 29, | 30, | 30. | 30, | 3r, | 37, | 37, | 32, | 3s. | 32 
V oP 3 o* 1 o” I o” l 3 o” 5 * 1 o” | 3 o”- 5 0 * | I ©” 3 o” 5 Oo 
Deg. 75 i F 77 4 Pn | P ” | 7. | 4 | 
0 093] 0,3] $34 o, 3] , 3] , 3 o, 3 „3 „3 o, 4 0 + 
2 1, 2 1, 3 t, 3 1,3} 114} „4 „41, 28 , 8 1,6 
4| 222,3 23 2 4 24 25 2, 8. 26 26% 2,7 278 
6| 3, „ 34] „% %% 3-6] 37 3,8 3, 40 
8 41] 42| 43] 44 2 8 15 irre $0] $2 
ro | $41 2 3 5 5 $0| $7} $8] „% 6,1] 2 6 
11 [F, 65, 75, 8] 6, o] 6, 1 6, 2 6, 4 6,5| 6,7| 6,8] 6, 
12 6, © 5, 2 6, 4 6, 5 6, 6 6,8] 6,9 77 1 771 21 7»4 7:5 
13 6, 5 6, 6 6,8 7, 0 ni 737,5 7, 6 Ty 8 1 8, 1 
147,0 „ 1 7, 3 35 22 58 | 8, 0] 8,2| 8,3] 8,5 8, 7 
18 7, 4 7,0 7, 88 8,0 52 5 4 8, 5 3, 7 8, 9 9, 19 
| 29 1 8,3 8, 5 9, 8,9 i 9%3| 9 5 ] , 7 9 
| 8,4] 8,6| 8, 8 9, 0 9%92| 9, 4 9,6 9, 810, 010, 2 10,4 
18 8, 8 9, 1 9, 3 9,5 9, 79,91, 110, 410, 610, 811, 
EEA . 
20 | 9, 8 10, 010% 2 | 19, 5 10, 1,1 21,417 19 12, 2 
21 | 10,2 | 10, 510, 711, 01, 2, 541, 712, 0 12,2 | 12, 512, 
22 | 10,7 | 10,9 | 11,2 11, 611, 712, 012, 212, 512, 813, 6 | 13, 3 
23 11, 111, 411, [11,9 12,2 |iz, 5 | 12,8 | 13,0 | 13,3 | 13, 6 13, 9 
2411, 611,912, 1 12, 412, 713, 013, 3 | 13, 5 | 13,8 | 14, 1 | 14, 4 
25 | 12,0 | 12, 3 | 12, 6 | 12, 9 | 13,2 | 13, 5 | 13,8 | 14, 1 14, 4 | 14, 7 | 14,9 
26 | 12, 4 | 12, 8 13,0 | 13,,4 | 13, 7 | 140 | 144 3 | 14,6 | 1449 | 15, 2 | .15, 
27 | 12, 9 | 13,2 | 134 5 | 13, 8 | 14,1 | 14, 514, 8 | 15, 115, 415, 7 | 16, 
28 | 13, 3 | 13, 6.] 14,0 | 14, 3 |. 14,6 | 15,0 | 15, 3 | 15,6 | 15,9 | 16,2 | 16,6 
29 | 13, 7 | 14,1 | 14, 4 14, 7 | 7641 | 15,4 | 15,8 | 16,1 16, 4 | 16, 8 | 17, 
30 14, 2 1445 | 149 | 15,2 | 15,6 | 15,9 | 16,2 | 16,6 | 16,9 | 17, 3 | 17,6 
31 14, 6 14,915,315, 6 16,0 16, 4 | 16, 7 | 17,1 | 17,4 | 17, 8 IS, 2 
32 | 15,0 | 15,4| 15, 7| 16,1] 16,5 | 16, 8 1½% 2 19,6 | 17,9 | 18,3 | 18, 7 
33 | 15,4 | 15,8 | 16,2| 16, 5 | 16,9 | 17,3 | 17, 7 || 18, 1 |_18, 4 | 18, 8 | 19,2 
34 15,8 16, 2 16,6 | 17,0| 17,4 | 17,8 | 18, 1 | 18, 5 | 18,9 10, 3 | 19, 7 
35 | 10,2 | 16,6] 17,0 17,4 | 17,8 | 18,2 | 18,6 | 19,0 | 19, 4 | 19, 8 | 20, 
36 | 16,6 | 15,0] 17,4 | 17,8] 18, 2 | 18, 6 | 19, 1 | 19, 5 | 19,9 | 20, 3. | 20, 7 
37 | 1790 | 1794 17,8 | 18,3 | 18, 7 | 19, 1 | 19, 5-4. 19, 9 | 20, 3 | 20, 7 | 21, 
38 | 17,4 | 17,8 | 18,2 | 18, 7 | 19, 1 | 19, 5 | 20,0 | 20,4 | 20,8 | 21,2 | 21,6 
39 | 17,8 | 18, 2] 18,6 19, 1 | 19, 520, 0 20, 4 | 20,8 | 21,2 | 21,7 | 22, 1 
49 | 18, 2 | 18,6 | 19,0 | 19, 5-9, 9 | 20, 4 | 20,8 | 21,2 | 21, 7 | 22, 2 | 22, 
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ABLE Xv. Continued. 
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>>| HORIZONTAL DIAMETER OF THE MOON. SS 
{noe BO — 
8. 33, 33, [. 
18 * * 30 S. 
. 2 * oy 
— . 4. e 
40 18, 2 6 23, o 23, 5 50 
41 15, 5 912+ 8772 
42 18, 9 . x 24, O | 24, 4 | 4 
4319, 2 9g [244| 2% 47 
44 | 19, 6 24,925, 446 
822 2388 
46 20% 3 25,826,344 
47 | 20,6 — 12522743 
43 2959 26,6 [27,1 42 
49 | 21, 3 5 | 21027, 5 41 
50 | 21, 6 27742940 
gr 27, 9 27,8| 28,3139} 
52 | 22, 2 | 28, 2 | 28, 7 | 38 
53 | 22, 5 28, 6 | 29, 9 37 
2 2 2 
ee. 1 23,2 | 29, 329,835 
56 | 23, 4 294 6] 39,2 [34 
14 235 6 30, 30, 5 33 
7 30, 3 30, 9 32 | 
50 2 1. 30, 6 31,2 | 31 | 
6024, 4 3% | 31,6 30 
62 24, 9 31, 6 32, 2 28 | 
04 | 255-3: 32, 1 | 32, 7 | 26 
— — 7 | 32,'6 | 33, 3 | 24 | 
68 | 26, IL f 26, 7 - 33, 1 33, 7 | 22 
70 |-26, 33,6 | 344 2 20 
7226, 3 2 5 51 "= 
74 | 27,0. 343 | 3590 | 16 
76 | 27, 3. 34 7 | 35+ 3 | 14 
78 27, 5 34.9 [35,612 
80 27 . 35, 2 357 8 | IQ 
8227, 9 35,3] 36,08 
84 | 28, © 359 5| 30,2] 6 
80 | 28, 1 35,0| 30,3] 4 
88 28, 1 36 7 6, 4] 2 
go | 28, 1 35,7] 3,4] Q 
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| | is | 2" | 56" $5,446) $4 #1 BR. 26 £2: >a 
H. 1. H. M. ; = — 4 Wa "WS + © * WP hd | 175 8 | 
Nn „ r e ee OTE. — — — 
{| % 02. 0 1 Soft: 22 | 
o. 10 [ft. 50 27 8 „8 2, 2 2, 3 
o. 201. 40 „4 35% „6% 73 +5 
o. 3011. 30 go] $2] 5 6,4 | 6,6 
O. 4011. 20 6, 6 58% „ 1 8, 4 8, 7 
0. 50/11. 10 8, 1 8, 4 8,7 10, 3 10, 7 
1. oil. of 0 |. 99/10, 3| 19,7 1, 2 1a, 6 
I. 10 flo. 50 it, © 11,44 812,3 14, 014, 5 
1. 20 10. 40 12, 312,8 137 3 | 13,8 15,8 16, 3 
I» 30 [10. 30 13, 714, 214,815, 3 17, 5 18, 0 
1. 40 10. 20 149 n 87 29% 11% 7 
1. 50 10. 10 16, 2 [ 16,817, 5 | 18, 20 7 41, 4 
2. 010. © 17, 4 | 18, 18, 8 rg; 22, 2 | 22, 9 
| 2. 10| 9. 50 &F 19, 220, 0 | 20, 7 23, 6 24, 4 
| 2. 20 9. 40 19,6 20, 427, 147,9 25% 1 la, 8 
2, 30 9. 30 26, 6 2,422, 323, f 2 4 [24s 2| 
2. 40 9, 20 21,6 22, 5 23,324, 2 27% 7 a8, 5' 
2. 50 9. 10 22, 5 2% 4 2% 325, 3 28, 929,8 
A 2 601 7 | — 2 
3.0 95 0 23,4 24, 425, 3 | 20, 30, 0 30, 9 
3. 10 8. 50 24, 325, 326, 227, 37, 13a, 7 
3. 20 '8. 40 [| 24 25, 1 | 26,1 | 27, 1 28, 32, 1335 1 
3. 40. 8. 30 * 255 8 26, 9127.9 28, 9 331 34 1 
3. 40 f. 2025, 52 527 625,6 29, 7 | 340 35, 
3. 50 f. 10 20, 12% 2 | 28,3 | 29, 3 | 30, 34 8 35,9 
4 08. off 267 2% 8 28,9 39,0] 3, 35, 6 36, 7 
4. 07. 502 228, 3 | 29,3 30, 6 31, 7 36, 3 | 37, 4 
4. 20 7. 40 || 27, 7 | 28, 8| 39,0 | 3, 132, 3 36,9 38, 1 
4- 307. 30 || 28, 1 | 29, 3 | 30, 5 | 31,0 | 32, 8 37, 5 | 38, 7 
4. 49| 7- 2028, 5 | 29, 7 | 20,9 | 32, 1 | 33, 3 38, 0 | 39, 2 
4. 50 7. 10 28, 9 | 30, 1 | 31, 3 32, 533, 38, 5 39, 7 
5. 07. 8 39 4 31, 6 32,8 | 34, © 38, 9 40, 1 
5. 10 6. 50 30, 6 31,9 | 33, 134, 3 39,2 40, 5 
5. 20 6. 40 30, 9 32, 133, 334,6 39 5 40, 7 
5. 306. 30 31,0 32, 333, 5 34, 8 30, 747, © 
5. 40 6. 20 31,2 32,433,539 39, 41, 1 
1 50 6. 10 31,2 32, 5 33, 735,8 40, 041, 2 
— — is E | 99 TEE 49, « BARANE 
] $..94.6- © 31, 3 | 32, 511 33,8 | 35 40, 0 |-41, 3 42, 


365 J 


TABLE XL. Continued. 


—____ 


| Second Difference of the Moon's Place. 
| Apparent Time | — 1 ; 3 | 
after Noon | 6 Minutes. 7 Minutes. 
or Midnight. — | | —— 5 | a * 
? os 5 10 | 20” | 30” 40” go” o” 10 | 20 300 40 | 50 
— — —— | — 8 — — . . 
1. „% m. . TÞ- - . N 5 . 700 5 FA c 125 18 « 


o,0| vol vol o, oo, oo, o 


40 [I11. 20] 9, 4 9, 7 | 10, © 10, 210, 5 10, 811, 011, 311, 5 
50 [f. 10 [ 11,6 | 12, © | 12, 312, 6 


o. 012. 0 [o, o 
9. $0 131. 50 2, 5 2, 52, 6 % 7 „7 2,9] 25 | | 

0, 30 ft. 40 49] gol: „ 3 41 WS 57 7 „8 559| 6,1,| 6, 6, 3 
9. 30 11. 30 77 2 77 4 75 6 7, 8 z © 8, 2 8, 4] 8, 6 „8 95,0 9,2 [ % 4 
0 

0 


. 0 Kr. 01% nen 14, | 
1. 1010, 50 || 15, 8 | 16, 2 | 16, . I 7, f 17, 18, 0 || 18, 4 | 18, 9 | 19, 3 | 19, 720, 2 20, 6 
1. 20 |10. 40 || 17,8 | 18, 3 | 18, 8 | 19, 3 | 19, 8] 20, 220, 7 | 21,2 | 21, 7 | 22, 2 | 22, 7 23, 2 
r. 30 [o. 30 || 19, 7 | 20,2 | 20,8 | 21, 3 | 21,9 22, 4 || 23,0 | 23, 5 | 244 1 24, 6 25, 2 25, 7 
r. 40 lo. 2021, 5 | 22, 1 | 22, 7 23, 323, 924, 525, 125, 7 | 20,3 | 26,9 | 27, 28, 1 
r. 50 ro. 10 || 23, 3 | 23,9 | 24, 625, 2 25, 926, 5 627, 227,8 | 28,5 | 29,1 | 29,8 | 30,4 
2. O flo. of 25,0.| 25, 7 | 26,4 | 27, 127, 8 | 23, 5 || 29,2 | 29, 9 | 30, 6 | 31,3 | 31,'9 | 32,6 
2. 10 9. 5026, 6 | 27,4 | 28, 1 | 28, 9 29, 30, 3 || 31,1 | 31, 8 | 32, 6 | 33, 3 | 34-© 34,8 
2. 20 9. 40 28, 2 29, 0 29, 8 30, 5 | 31, 3 32, 1 || 32,9 | 33,7 35535, 2 36, 0 35,8 
| 2. 30 9. 3029, 7 | 39, 5 | 31, 3 | 32,2 | 33,0 33, 8 || 34,0 | 3555 30,3 | 374 1 | 37» 38, 8 
2. 409. 20 | 31, 1 32, 0 | 32, 8 | 33, 7 | 34,6 | 35, 4 36, 3 | 37-2 | 3%, © | 38, 939, 40, 6 5 
2. 50 9. 10 32, 5 | 33, 4 | 344 3 | 35, 2 30,1 | 37,0 || 37, 9 38, 8 | 39, 7 $09 41, 8 42, 4 
— 
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TABLE XL, Continued. 


„ —_— * f 


1 — | | Second Difference of the Moon's Place. | 
Apparent Time 8 * | 
after Noon | 10 Minutes. | | 11 Minutes. . | 12 Min. | 
or Midnight. — — — 
8 1 of 2 o” 3 o” 4 o” 5 0 * 0 . I 0 2 o” 3 o” 40” 5 0” o” | 
H. M . M. Pp u | u u 7. u u 7. 77 _ * au ” 
— — n — — 
0. Ota. off o, oo, o [o, oo, o] o, o] o, oo, o] o, o] o, o] o, o] o, o] o, oo, o 
. 10 [fr. 50 4, [ 2 42| 43] 44] „s 46] 47] 447] 4,8 4,9 4.9 
O. 20 [ff. 40 8, 1 8, 2 8, 4 8, 6 8, 6 8,8 8,9] 9, % 2 9, 3 % 5 96 97 7 
o. 30 [r. 30 [[ 12,0 12, 212, 412, 612, 8 13,0 13, 213, 4 13, 6 13, 814, 14, 214, 4 
O. 40 [T. 20 [[ 15, 7 | 16, © | 16, 3 | 16, 5 | 16,8 | 17, 117, 317, 617, 818, x | 18, 4 | 18, 6 18, 9 
O. 50 [f. 10 {| 19, 4 | 19, 7 | 20, © | 20, 4 | 20, 7 | 21, 0 21, 3 | 21,6 | 22,0 | 22, 3 | 22,6 | 22,9 || 23, 3 
I. ol. off 22,9 | 23, 3 | 23, 7 | 24,1 | 2444 | 24,8 || 25,2 | 25,6 | 26,0 | 26,4 | 26, 7 | 27, 1 27, 5 
1. 10 [to. 50 |} 26, 3 | 26,8 | 27,2 | 27,6 | 28, 1 | 28, 5 || 29,0 29, 4 | 29,8 | 30, 3 39,7 | 31,2 || 31,6 
I. 20]I0. 40 [ 29, 6 | 30, 1 | 30,6 | 31,1 | 31,6 | 32, 1 32,6 | 33, 1 33,0 | 34,1 | 34,6 | 35, I || 35, 6 
1. 30110 30 32, 833, 433,9 3%5 35, | 35 5 36, 136, 637, 237, 738, 3 38,8 || 39, 4 
1. 4010. 20 35,9 | 30, 5 | 37, 1 37, 7] 38, 3] 39,9 [| 39, 5 ] 40, 14, 7 41,3 | 41, 9 42,5 || 43, 1 
I. 50 flo. 10 [ 38, 839, 540, 140, 8 4, 4 42, 1 42, 743, 4 442 44, 745, 3 46, 0 46, 6 


2. 
2. 
2. 209. 40 [ 47,0 | 47, 848, 49, 3 50, 1 50, 9 || $14 752, 553, 354, 0 54, 855, 6 56, 4 
2. 30 9. 30 40, 5 50, 351, 1 52,0 | 52,8 | 53, 54, 4 55, 3 56, 1 | 56, 957. 4 $8, 6 || 59, 4 
2. 49| 9. 20 || 51,9 | 52, 753, 6 54, 455, 356, 257, [57,9 | 59,8 | 59, 6 » 5 | Or, 4 || 62,2 
2. 509. 10 54,1 | 55,0 | $549 | 56,8 | 57, 7 | 58,6 || 59, 5 | 60,4 | 01,3 | 62,2 | 63,1 | 64,0 | 64,9 
| | We 
* & 56, 3 | 57,2 | 58, 1 59, 1 | 60,0 | 60,9 | 62, 9 | 62,8 | 03,8 | 64, 7 | 65, 6 | 66,6 67, 
3. 10 : 50 || 58, 3 | 59, 2 | 60, 2 | 61, 2 | 62,2 | 63, 1 || 04, 1 | 65, 1 | 66,0 | 67, © | 68, © | 69, © || 69, f 
3. 20 8. 40 2 61, 2 | 62,2 | 63, 2 | 64,2 | 65, 2 || 66, 267, 268, 269, 270, 271, 272, 2 
3. 308. 30 62,0 | 63, 0 64, 0 5, 1 66, x | 67, 1 || 68, 2 69, 270, 271, 3 72, 3 73,3 || 74, 4 
3. 40| 8. 20 || 63, 7 | 64, 7 | 65, 8 | 66,8 | 67,9 | 6,0 70, 07, 172, 1 73,2 | 744.3 | 7543 || 76, 4 
3. 50 8. 10 || 65,2 | 66, 3 | 67, 4 | 68, 5 | 69, 70, 7 || 7947 72, 873,975, 0 70, 1 77,2 || 78, 3 
4 : 
4. 
14 
4. 
4. 


N 
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TABLE XII. 


The Equation of Second Difference, uſeful for interpolating the Moon's Diſtances from the Sun 
and Stars, for every third Hour between thoſe ee at Noon and e for tie 


0 of the Nautical E . 
Second Equation | Equation i} Second Second | Equation [Equation | 
ifference. at at 64. Difference. Difference. at at 6. 
I. and oh. — — Got 3k. and 91. 
| — — ' an a Low | 
4 ͤ— 3; , ae 1 „ u M. 8. M, 8. | 1 
M | . — — 
9. 0 o. ,o o. o 6. © o. 45,0 12. 01. -4' I, 30,0 
o. 10 [o. 0,9 o. 1,3 6. 10 ©. 46,3 12. 10 1. 31,3 
o. 20 o 1 o. 2, || 6. 20 | 12. 20 1. 32,6 
co. 30 [o. 2,8 o. 3,86. 30 48,812. 30 1. 33,8 
o. 40 [o. 3,8 o. 85 6. 40 12. 40 1. 3550 
o. 50 [o. 447 o. 6,36. 50 | .22.: 50 I. 36,3 
— —ͤ̃ A—  — 1 — ' | 
F. 0.416 AS. SEN 9.74 13. 0 I, 3795, 
"3.120 1.% 86 0. 5 8 | 4 IO 'TY.; 10 1. 38,8 
1. 20 | ©, 7,5 o. 16,0 || 7. 20 13. 20 I. 40, 
1. 30 | ©. 8,4 0. 1,37. 30 13. 30 1. 41,3 
. 4 [. 9,4 | ©. 1245 | 7. 40 13. 40 I. 42, 5 
1. 50 | 0. 10,3. 13, 7. 50 | 13. 50 1. 43,8 
3. © 0. 11,3 O. 16, || 8. 0 | o. 14. 6 I. 45,0 
2. 10 | O. 12,2 C. 16,3 8. 10 | 14. 10 1. 46,3 
2. 20 | O. 13,1 | ©. 188 « 8. 20 14. 20 2. 48 
2. 30 [o. 14,1 | Q. 18, 8. 30 4. 14. 30 1. 48,8 
2. 40 .| 0. 15,00. 20,0 8. 40 48,81. 14. 40 | 1. 50, 
2. 50 [o. 15,90. 21,38. 50 4057 | I: | 14. 50 6 153 
3. 0 o. 16,9 e. 22,5 9. © | 15. 185 a 1, 52, 
3. 10 [o. 17,8 | 0. 23,8 || 9. 10 15. 10 t. 53,8 
| 3. 20 | 0. 18,8 | 0. 25,0 || 9. 20 15. > I $5.0 
3. 30 | 0. 19,7 | 0. 26,3 9. 30 15. 30 1. 56,3 
| 3- 40 | 0. 20,6 | 0. 2725 9. 40 15. 40 1.85561 
3. 50 | 0. 21,6 | 0. 28, 9. 50 15. . 1. 58,8 
4. © [o. 22,5 | 0. 30, || 10. © 16. 10 a, o 
4. 10 [o. 23,4 | 0. 31,3 || 10. 10 16. . 1% 
4. 20 | 0. 254 | 0. 3245 IO. 20 16. = a, B46; 
4. 30 |.0. 25,3 o. 33, 10. 30 16. 30 2. 3,8 
4. 40 | 0. 26,3 | 0. 35,0 || 10. 40 16. 40 a. 5,0 
4. 50 | 0. 27,2 | 0. 36,3 || 10. 50 16. 50 2. 6,3 
| — — — — = — 
5. © [o. 28,1 | ©. 37,5 || 11. © 17. 0 2. 18 N 
J. 5. 10 [o. 29,1 | ©. 38,8 || 11. 10 17. 10 2. 8,8 
5. 20 9. 3050 o. 4% || It. 20 17. 20 2. 10, 
5. 30 [o. 30,9 | 0. 41,3 || II. 30 17. 30 . 113 
5. 49 [. 3129 o. 42,5 || 11. 40 17. 40 2. 1245 
5. 50 [o. 32, 0. 43,8 || 11. 50 17. 50 2. 13, 
| — — | —__ ſl — — 
1 6. © | 0. 33,8 0. 45,0 || 12. 0 | I 30,9 | 18. © | 3 2. 15,0 | 


Pa 
— 
* - 
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. 2. 
TABLE XLI. Continued. 
| Second | Equation | Equation Jt Second | Equation Equation Second | Equation — 2 
Difference. at at 6h, Difference, at at 64, Difference. | 75 5 at * 
34. and 9h. 13k. and gh. 0 34. and 95. 
M. 8. 13 1 4 7. M., 8. / 7. | * 5 M. 8. 1 . 4 | 5 7 | 
18. © 1. 41,3 2. 1, || 24. 0 2. 15,0 3. ,o || 39. 2. 48,8 3. 45,0 
18. 10 t. 42,2 | 2. 16,3 24. 10:| 2. 1,93. 1,3 || 30. 10 2. 40,7 | 3- 46,3 
18. 20 | I. 43,1 | 2. 88 24. 20 2. 16,9 3. 2,5 || 39. 20 2. 50, 6 3. 47.8 
18. 30 | I. 44,1 | 2. 18, 24. 30 2. 1,83. 3,8 || 30. 30 2. 51,6 | 3. 48,8 
18. 40 | 1. 45,0 | 2. 20,0 || 24. 40 2. 18,8 | 3+ $10 30. 40 | 2. 52,5 | 3. 50,0 
18. 50 k. 45, 2. 2143 24. 50 2. 1,3. 6,3 30. 502. 53,43. 5,3 
— ͤ —— v—ͤ—ę— TIES . ** 6 p — 
19. 0 r. 40, | 2. 2235 || 25. 02. 20,63. 7,5 31. 0 | 2. 54,3. 52, 
19. 10 |] T. 47,8 2. 2338 || 25. 10 2. 21,63. 8,8 || 31. 10 2. 5533 | 3+ 53,8 
19. 20 | T. ah 2. 2550 || 25. 202. 22,5 3, 10,0 || 3T..20 | 2. 56,3 3. 55,0 
19. 30 r. 49,7 2 2043 || 25. 302. 23,4 i| 3. 11,3 || 3T.-30 [. $7,2 3. 56, 3 
19. 40 [. 876 2; 2095 25, 402. 24,4 + * ; 43} 2. 58,1 [ 3: 58˙8 
I 3 25. 0 2. 2 21 34.0 [a. 0% 3 
222 — 2 bc eee 
20. , 0 | I: 59,5 23 30,0 || 26. 6 2. 26,3 | 3- 5,0 32. 0 | 3., ©,0 | 4-- 0,0 
20. 10 | I. 53,4 | 2. 31,3 26. 10 | 2. 27,2 | 3- 10,3 j 33. 10 | 3., o, 9 4 1, 3 
20. 20 . 54, 42. 3245 26. 20 | 2. 28,1 | 3. 17,5 || 32.20 | 3. 1,9 4. - 235 
20. 30 | I. 55,3 2. 33,8 26. 302. 29,1 | 3- 18,8 || 32. 30 | 3. 2,8 | 4 3,8 
20. 40 | I. 56,3 | 2. 35,0 26. 40 | 2. 30,0 | 3- 20,0 32. 40 | 3. 3,8 | 44 $,0 
20. 50 | 1. 57,2 2. 36,3 || 26. 50 2. 30,9 3. 2143 || 32-150 3. 447 | 4 6,3 
21. 0. 58,1 | 2.3745 || 27« 2. 31,9 | 3+ 2245 | 3718 3. 55.4. 78 
21. 10 | I. 59,1 | 2. 38,8 27. 10 2. 32,83. 23,8 33. 10 | 3. 6,6 4. 8, 
21. 20 | 2. o, | 2. 40,0 27. 20 |,2. 33,8 | 3+ 2540 || 33- 20 3. 7,5 4. 19,0 
21. 30 | 2. Ogg | 2. 41,3 27. 30 2. 3447 | 3+ 26,3 33- 30 | 3-. 8,4 | + 11,3 
21. 49 | 2- '1,9 2. 42,5 27. 402. 35,6 | 3. 2755 || 33- 49 3. 94 | + 12,5 
21. 50 2. 2,82. 43z8- ||, 27.-50 | 2+ 36,6 3. 29,8 33. 50 | 3+ 10,3. | 4 13,8 
22. 0 2. 3,8 | 2. 45,0 28. 02. 37,53. 3% 34 Q | 3-,11,3:| 4 15,0 
32. 10 | 2. 4,72. 40,3 28. 10 2. 38,4 3- 31,3 || 34. 10 3.12, 4 10,3 
22. 20 | 2: 5,6 | 2. 47,5 || 28. 20 2. 36,4 | 3- 32,5 34. 203. 13,1 4. 
22. 30 2. 06,6 |: 2+ 48,8 28. 302. 40, 3 3. 33,8 34. 30 3. 14,1 | 4 18,6 
22. 40 | 2: 7,2. 50,0 28. 40 2. 41,3 3. 35,0 || 34. 49 3. 15,04. 29,0 
* 50 2 8,4 | 2- 51,3 28. 50 2. 42,2 | 3: 3043 | 3+ 50 3. 1559 4: 21,3 
43. © } 2: 9,42. $255 29. © | 2. 43,1 | 3- 3745 || 35- © 3. 16,94. 22,5 
23. 10 | 2. 10,3.| 2. 53,8 || 29. 102. 44,1 | 3. 38,8 || 35- 10 | 3. 17,84. 23,6 
$3. 20 43: 1h} | 3+ I2990 29. 20 2. 45,0 | 3. 49,0 || 35-20 | 3. 18,8 | 4. 25,0 | 
23. 3o 2. 1242 | 2. 56,3 || 29. 30 | 2. 45,9 | 3- 4143 || 35: 30 | 3- 19,74. 20,3 
$3, 40 1 3. 1%1 | 5. 3,5 29. 40 | 2. 46,9 3. 4235 || 35- 40 | 3- 20,0 4. 27,5 
23. 50 | 2. 14,1 | 2. 58,8 || 29. 50 | 2. 47,8 | 3. 43,8 35. 50 | 3- 21,0 | 4- 28,8 | 
— — — — é(— — — — 
Fad. 0 18 1% 3. 0%0 38 . 48,8 3. 45,0 | 36. © i $3;7 7 4- 36,6 
Vol. II. AAA 


4 >... 
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TABLE XLI. Continued. 


3 a 7+ _ p Os 8 


1 tf i 1 


—— 


1 


Second Equation "Equation Second | Equation Equation | 
Difference. at 3k. and gh. at 64, {| Difference, | at 34. and 9h. | at 63. 
C 
* 22, 30 # r g. 10 
36. © 3. 22, 54. 30, 0 42. © 3. 56, 108 
36. 10 3. 23, 4 4. 31,3" || 2. 10 3. $742 4 5 10, 3 | 
36. 20 3. 25 1 4. 34 6 1 4 . 3 1 £ | 4 1 
% % | 3-63. 1 „„ #: „% + $o | fans 
36. 50 [ 3- 27,2. | 4. 36,3 || 43. = GS 04: 5: Blo#:5; 
" tha IF | n 1 5. 22, 
F 
37. 20 | 3: 3% 4. 4, 0 43. 20 t 358 | 5- 25 
37. 30 „3. 399 f 4. 41, 3 43 2 7 22 125 5 18 
| . | . 5 - . 9 
| 37- 40 3 my | 4 2 | = 4 E 6 4 88 
37. 50 3.32, 8 || 4 43, | . MY; 
£36 9: |: 3-368; 1-44560 || 4 0 | hs JT 53556 
38. 10 3. 3G 7 4. 46,3 [ 44 70. 4 „41 | 5 31, 3 
. 38. 20 | . 3- 358 128 14. 2 287 Lt 
38. 30 | 3. 30,6 | 4. 48, 8 44. 30, Lan 83 
38. 40 3 37 5 | 4+ 50, 0 44 4 23 +2 383 
38. 50 | 3- 39,4 | 4 J, 3 3 W. 4: 125 take Et 
1 | "= x | - + 1. 137 1 5. 37, 5 
F 
+" 20 | 3» 41, 3 4. 5550 45. 20 4. 15,0 5. 40, | 
„ %% „ „ „„ EET 
1 5 9 8 
| 3. 30 3. 44, T 4＋ 58, 4 45 . 4 17 8 5: 45 4 
7 F > | c£.' 9,0 1 © 4-848. .-5--45-0-. 1 
45 10 4 45 | 8. 13 5 10 4+ 4 ö 15 3 
| . 46,9 . ah © 4. 20 | , | 
4% 30 | 3.498 | 5. 338 || 46. „% 4 % | 5.488 | 
40. 40 3. 48, 8 | 5. 50 40. 49 | 4 22, 5 5. 50, 0 
r.. 46. 50 4. 23, 4 $ $1.8, 
= 0-4-4... 6 i 4 1 
41. w 4. 5% f „ || 49. w | £265 | 5 53 
41. 20 3. 52, 5 5. 103 0 47. 20 4. 26, 3 5. 55, 0 
8 41. 39 | 3. 53, 4 5. 11, 3 47. 30 4. ＋ 4 75 3 
41. 40 3. 5% 4 5. 12, 47. 40 4. 28, 1 572 
41. 50 3.557 3 5 3.8 47. 50 | 4+ 29, I 2 56,8 
. „ 3.563 . 1, || 48. o | 4. 39,0 | 6. 90 


| 


[ 


— 
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TABLE XLI. Continued. 


Us I Equation 
Second Equation Equation | Second Equation 
Difference. at 3h. and 94h, | at 66. Difference. at 3k. and 94 . at 63. 
. "ip 3 Red M. & 2 1 
* ; 195 o 5. 3, 8 6. 45, © 
! „„ STERN Q 
48. bs 4 31, 9 6. 2 f 54. 20 [. 86 * 22 8 
48. 30 4. 32, - S 3, 5 4 * 2 7 . 
418. 50 4-347 | 6. 6, 3 4. 
. 3 0 . 4. . 62, 
„ £ 8 6 5 4 51 1 6. 53, 
43. 20 7 37 5 6. 10, o 55. 20 5. 11, 3 | 4 * 
: : ; 30 5. 12, 2 . 56, 
SITIO ESIEEHIEES 
49- JO 4. 40, 3 6. 13, 35. 80 5. 14, 1 58, 
1 e . | 1 5. 15, 0 7. 0,0 
e. % 442 | 6x85 || 6. w | Frgg | 3 m3 
1 5 = I Fe I7 56. 20 5. 10, 9 7. 26 
- — > {Ba „ 18 8 56. 30 1 1 : | 4 2, 4 
8 | 6. 20 = ͤ * 5, 
5 4 G 21 56. 8 5. 19, 7 7. 6,3 
50. 50 4. 4549 21, 3 0 0 
e 0 . 20, L. 7 
3 7 2 4 21 — 10 5 21, 6 7. 38 
3 Fr 455 8 6. 25 0 57. 20 5. 22, 5 7. 10, o 
31. 30 12 6. 26, 3 57. 30 $. 23, 4 7. 11, 3 
. 2 i TI ETIEEE 
72 50 4. 51, 6 6. 28, $7. 50 5. 8 7. 13, 
| | 0 26, 3 7. 16, © 
3 2333 5 3 58. 10 27,2 7. 16, 3 
52. 10 4+ 537 4 5 * 58. 3 5. 28, 55 7. 17, 5 
- 83. 30. 1 6 7 3 . . 1658 
FT: - 6 - 6. 355 0 58, -40& 6. 3% © -" 2, 8% 9 
2. 1 | 
72 50 4. 577 2 6. 36, 3 58. +" $. 39,9 {+ 21, 3 
TO vw 4 1 7. 22, 
8 + | 4 367 8 4 10 5 Leek 7. 4 
| 3 os | 2 . 0 6. 40, 0 59. 20 5. 33, 8 Us T. 
| : : , . 25 
6. „ 5 3447 7 20, 
JJ 
53. 50 . 2, 8 PAs 43, 8 . 50 5. 36, . —— 
$4: 9 5. 3,8 6. 45, © | i be : . 37s 5 1+ 3 d 


1 * 3 


TABLE XLII- 


* 


Min. Dec. Min. Dec. || Sec. | Dec. sec. Dec. 5 
D , „51667 I I | ,o0028 || 31 | „00861 
2 | 03333 If 3> „53333 2 „ || 32. „00889 
-$ © þ 103 33 | ,55000 || 3 |. 00083 || 33 [917 
it | - | 
4 | 06667 || 34 | ,56667 | 4 „ 34 1.499944 | 
* 908333 33 -þ „58333 || 5 | ,00139 35 | 200972 
| 6 | ,16000 || 36 „60 || 6 | ,00167 || 36 | ,01000. 
f, 7 | +22067 |}, 37 | 461667 7 | 00194 || 37 -|, »07029 
8 "| 8 „13333 [ 3% „63333 8 | ,00222 3 |. 01056 | 
K 18885 | 39 |: 205000 9 | 99250 || - 39 01083 
4: 67 || 49 „66667 10, „ 4 0 
I i | ,18333 || 4x | ,68333 ||| 12, , 3%/ 4 01739 
12 |. 420000 42. | 470000 12 500333 [ 42 |- 401107 | 
13 „21667 || 43 „71667 13. „00361 || 43 | 501194 
| 14 | 23333 f 44 573333 || 14: | 199389 || - 44 » 
| 135 | ,25000 || 45 | ,75000 || 15: | 409417 || 45 11591250 | 
— | — — N — — — l * f — 1 e 
5 | 16 | ,26667 || 46 „76667 16 „0044445 „01278 
17 | »28333 |Þ 47 „78333 [17 | 1929472 4 „1306 
-] 18 | ,30000 48 „So || 18 „050 | 901333 
19 | ,31667 || 49 | ,81667 || 19 | 00528 || 49 501361 
| 20 133333 | 50 583333 20 — 42 „01389 
1 21 | ,35000 51 „85 || 21 | ,00583 || gr. | 901417. 
1 „36667 [ 52 „86667 22 „00611 52 501444 
a 23 „38333 [ 53 | ,88333 || 23 | „00630 || 53 [1472 
24 | ,40000 || 54 | ,90000 24 | 00667 || 54 | ,01500 
25 | ,41667 || 55 „91667 25 | 00694. || 55 | 201528 
26 43333 || 56 | 93333 || 26 | ,00722 || 56 | ,01556 | 
27 | 45000 57 | 295000 27 | 00750 57 „01583 
| 28 | ,40667 58 | ,96667 28 | ,00778 || 58 | ,o1611 
j 29 | 49333 59 | ,98333 29 „00806 59 „01639 
30 | 50000 60 | 1,00000 30 | ,00833 60 | ,01667 | 
1 
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TABLE XLIE -. - 
. Equations to Equal Altitudes, © TAHR I. 


8 — /)½%)ù . — ˙ eb 22: Kk 2 RRC, 


— 


EY ͤ———» 0 ae 


— 


2601137014 ( 


HFalf Interval between 


7 


ſervations. 


„ 


4 4 34 

2, 90 2, 92 
1, 46 I, 47 
o, o 6 0, 00 
In 48 f.. 14147: 

2, 89 2, 92 


* 


EDD . 374 J 
ö TABLE XLIII. Continued. 
© Equations to Equal Altitudes. TABLE I. 
1 = TS rr ö — 4 . — = 1 OT TIE] 


4 _ ung 1 ||. 
Longitude. M 
* | ve 2 LETT 2. 40 
3. 5 -D. 8. K 7 
O. 5 o 165 38 
10 || 16, 08 
15 I} 15, 77 
20 153 35 
25 || 14, 84 
bi | — | Fs 
| 1. — O 14, 22 b 
5 13, 
f IO || 12, 
14 15 11, 77 
bi | 20 10, 75 
= n 
5 7. 18 
10 [ 5, 84 
15 47 43 
| 20 [ 2,9 
| 25 [, 50 | 
nl. +0] , 00 
| 5 I, 4 
10 2,9 | 
g 15 || 4, 42 
20 || 5, 81 
25 || : 74. 14 
— £2 by 9-3. garde 
PEV. 740 8, 4: 
5 9, 
10 10, 
15 || 11, 68 
20 || 12, 58 
25 13, 38 


V. +09 || 1409 
4 544, 69 
10 || 15, 20 
75 15, 60 
2 15, 
6 16, 10 


4 vs } 


TABLE XLUE Continued. 
Equations to Equal \ Altitiades.. 'T anus I. 


_— 


—— 


n. u. n. . 
4. 0 4. 10 


Half Interval bet edn the Obſervations. 


7— 


15 84 | 16, 11 | 16, 40 
25 04 | 15429 15 $0 
| I4z 13 | 144 37 \| 24, 63 
13 11 {| 134 33 13, 57 
113 |. 18, 18 12, 40 
10 3% 4 97 2 7 
er 
8, oo 114 8, 8 
6, 50 ] 6, 61 | 6, 72 
DO 4, 93 1 57 01 5. 10 
3, 32 ] 3, 37 | 3, 43 
E 
＋́— — — ) 
o, oo 0, 00 o, o 
1, 66 | 1, 69 | 1, 72 
3, 31 [3,37 3, 43 
4, 92 5 % , 09 
6, 47 6, 58 70 
7, 96 8, 10 8, 24 
9, 36 | 952 '| 9 69 
10,68 | 10, 86 | 11, og 
Ii, 8g | 12, 10 | 12, 31 
13, 00 | 23, 22 | 13, 46 
14, 01 | 14,25 | 14, 50 
14, go 15, 15 ⁴ 15, 42 
ear — 
5, 6g 15,96 | 16,24 
5 36 16, 64 16, 
16, 91 17, 20 17, 51 
17, 37 | 77> 67 | 17,98 
17, 70 18, 0 | 18, 32 
17,93 | 18, 23 | 18, 56 
18, 04 | 18, 35 | 18, 68 
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TABLE XIIK Cantinued. 
Equations fo Equal" Altitides.” TABLE I. 


2 1 
Half, Interval between the Obſervations. ll 


* + 1x 
[S] 
SE 
S 
3 
8 
* 
w * 
LEA * 


| Ld .0 10 20, 06 , 295 yr L 
135 {| 19, 67 20, 11 | 20, 58 | 
| 2025.90 Th hs 19, 59 20, 05 {| 
' $3. : 45 x 99 41 s 93 JJ 194 37 f 
. 


J. 8: x< 0 9 * 18, 15 18, $7 
o 01 is 8 93 al 175 63 
_ 10 15, 83 4:1 19 18, 57 
'\ | 15 14. 15, 02 15, 37 
| 4 


r e s 14 
er 25 2 04 12, 31 .| 124 $9 


: Ea 'o i, 85 i, 783 93 
4 8 8, 96 6 ; 
S 


1 
; £: NN - 18 
| ty 43 5 9 ＋ 2 5 7 
| 7 2 oO 7 i | 5 3 
; ; . 8 F 


mv 0 
- # £35 i 
+> > SOw 


— 


2 —— OO tp AA 


A 11 


TABLE XLIII. Continued. 8 
Equations to Equal Altitudes. TaBLE I. | 


Half Interval between the Obſervations. — | 


. u. | H. u. | H. Mu. | H. . 
© 


— 


H. M. | H. M. | H. M. 
2. 10 | 2. 20 2. 30 


— 
— 
wo 
— 
— 
w 
WU 
8 
— 
I, 
Ut 
wa 
— 
— 
UN 
+ 
— 
— 
WU 
wh 
— 
2 
Wa 
= 
— 
2 
wo 
& 


XII. — 0 | 15, 48 15, 67 | 15, 08 15, 79 | 15, 92 | 16, 06 | 16, 22 


" , g 


Vor. II. B u B 


TABLE XLIII.. Continued. 
Equations to Equal Altitudes., TABLE I. 


uf Interval between the Obſervations. ! 


„ „%% „ 


a —_w — — — - 


H M. | H M. H. M | H. M. * . 
ban. — — = | — 
2. 40 2 . i 
8 8 8 * 8 8 | 8. 
q CO — # EZ |- — ä * * * ” — 


14, 57 | 14, 7314, 90 | 15, o8 (75, 8 15, 49 15, 72 
13, 91 ] 14, 06 14, 22 14, 40 14, 59 ] 14, 79 | 15, 01 | 
[73087 39 43,7 jo. 14, 17 


0 
— 
\O 

— 
» 0 
S 

O 

— 
Y 

— 

— 
© |}: 

8 | 4 

N 
\O 
— 
WI 
+ 
+ 
I 

— 
S 

On. 

— 


1, 60 1, 62 1, 64 1, 66 1, 68 1, 70 I, 73 | 
; Lind 1 
o, oO o, 00 | 0,00 o, oo [o, oo | o, ooo, oo 


4 72 4, 77 4; 83 | 4, 89 4, 95 55 2 55 09 
6,21 6, 28 6, 35 1 6, 43 551 6, 60 70 
7, 6² L119 Bay [1-7 89 8, O0 [ 8, 11 ][ 8, 23 

| | ä — — To — & 2 | * 


— 


Equations ito Equal. Allitudes. TABLE I. 


— 


AP — mmm y- 


Half Interval between the Obſervations. 
- SN. ee TT —T. —ũ— 8 r——— 
Longitue. MM u. u. R. u., . u. H. u. | H, M. | H. M. 
07-2 Aj -23* + $05: | 24+ . 10. 4. 20, 4. 30, 4. 40 4. 50 
— 2 —41— — — . — — — — — — 
8. 1 D. 8. 8. 8. | 8. 8. 8. 1 
— — — — — — — — 
VI. + 9 17, 75 | 18, 04 8, 35 ;| 18, 67. | 19, 02 | 19, 40 | 19, 80 
$þ 7; 5 1, 74 | 18, o3 18, 34 18, 66 +| 19, or 19, 39 | 19, 79 
10 || I7, 62 | 17, 91 ,| 18, 22 18, 54 18, 88 135 25 | 19, 65 
1415, 39 17, 67 17,97 18, 29 18, 6318, 99 1 38 
G4 x 20 || 17, 03 ;| 17, 31 17, 60 1, 92 | 18, 25 | 18, 61 | 18, 99 
En E 
VII. :+ 245, 96; 9 16, 22 16,49 16, 79 17, I 17, 44 | 17, 80 
e 25/24 15, 49 193,75 16, 03, 16, 33; * 16, 65 10, 99 
141880814, 39: -| 14, 02 | 14,187 ,| 15,114 | 15, 42 15, 72 | 16, 04 
= | 15 [3,41 | 13, 63 13, 8614, 11, | 14, 37-:| 14, 65 | 14, 95 
. 224/4231 |, 12, $1 12, 72. 12, 9813,19 13, 45 13, 73 
235 q| 11,09; | Il, 27 | Il, 46 | 11, 67 | 11,89 12, 12 | 12, 37 
| —— — — 0 — — 
VIII. ＋ 0 9 76 „92 ,| 19, 09 | 10,27, | 10, 46, 10, 66 | 10, 88 
AI. 832 45 59 | 8, 75 | 8,92 | 9,09 | 9,27 
1. 19 6, 78 6, 89 7-01 Ty 14 7, 27 [77 41 7, 56 
8 15 5, 16 5, 24] 5, 33- 5, 435, 53 5, 04 5, 76 
I? 20 3, 48 |; 3» 54 | 3, 00 3, 66 3» 73 3, 80 3, 88 
1 24 . 1750 1 78 1, 81 a. 84 I, 88 1 91 1, 95 
— || — — — ———— —— ä — 
IX. — © [o, oo o, oo o, 00 | 0,00 | 0, 00- o, 00 | ©, oo 
7 I, 75 I, 78 I, 81 | 1, 84 | 1, 88 | . {3s 98 i, 95 
10 || 3,48, | 3, 54 3, 00 | 3,06 | 3, 73 3, 81 3, 89 
15 || 5, 17 | 156,20. 5, 35 5, 445, 54 5, 65 5, 77 
20 [ 6, 80 6, 91; 7783 7, 16 7, 29 7743 | I» 59 
0-4. SY 8, 30 8, 49 8, 63 8, 79 8,95 | 9, 12 9, 31 
— — — | — — — 
X. 9, 81 | 9,97 , 14 | 19, g2 | 19, 57 10, 52 | 10, 94 
1, 16 11, 34.5 Ms 5411, 4 14, 90. 4 12, 20 12, 45 
10-|| 12, 4012, 60; | 14, Ba. 13, os | 13, 29 | 13, 58 13, 83 
1s || 13, 52 - | 13, 7413,97 | 1422 | 14449 | 14, 77 | 15,07 
20 || 14, 51 I4, 74 I4, 99 I5, 26 Lc, £6715, 80 16, 18 
| 25 || 15, 37 | 15, 02 | 15, 89 | 106, 17 | 10, 47 16, 79. | 17, 14 | 
. 9 . - | | - 3a 
XI. — 016, 11 16, 37 16, 65, | 16, 95 17, 26 17, 60 17, 96 
5 || 16, 72 | 16, 99 | 17,28 | 17, 59 | 17,92 | 18,27 | 18, 65 
6 1 1% 21 17, 49 | 174 79 | 18, 10 | 18, 44 28, 80 19, 19 
15 1, 57 | 17, 86 | 18, 160 | 18, 48 | 18, 83 | 19, 20 | 19, 59 
29 || 17, 81 | 18, 10 18, 41 18, 74 | 19, 09 19, 40 1, 80 
| 25 || 17, 94 | 18, 23 18, 54 18, 8719, 22 | 19, 60 20, oo 
| 
XII. — © | 175 95 18, 24 | 18, 55 | 18, $8 | 19, 23 | 19, 61 20, Qt | 
l 3 I 3 
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TABLE XIII. Continued. 
Equations to Equal Altitudes. TATA I. 


— "IR" 1 ä — —⅛ — —— — 
Fa 7 - - 18 . : * . 
Half Interval between the Obſervations. 
n — . — 5 * . OE ee » — wh 4 * 8 — - Re a... 
H. M. | H. M. n. 1. H. M H. M H. M. 
. — þ — * 1 83 * 
* 


11, 11 | 211, 36 |} 11, 63 | 11,91 12, 21 12, 54 
9, 47 95 91 | 10,1 10, 41 10, 68 
7, 72 7, Bg , O8 8, 2 8, 4 8, 71 
bY | OI 6, 15 | 6, 30 6, 6, 63 
3,96 | 495 | 414 | 424 | 435 | 447 
I, 99 2, o4 2, 09 | 2, 14 2, 19 2,25 


Le 381 ] 


TABLE XLII. : Continued, 
Equations to Equal manic? TAT II. 


— —— „„ „„ _ 


—— „ „ 0 — —ä. — co — 
[1 
{ i 
* 
15 


——_—— —— 
| 1 
F 
- 


mu Irierval dere. Obſervations. 


* —— _ — W 
44 


— 


11 1 nl rn N 
M. K. . A L * MM . u. NM. K. 


— — — 1 
o 


„ „ 


1. 30 [ . 4 1. 'ca.: . 0. 2. 10 ] 2. 20 


—— — — — ES. 1 „ — 
k f 42 " WY 


. 
ws — 


ETA DD — —ta—U—) W - wo —— — — — 


— — 


| 


Sun's 


———— —＋œ—E ä ũ 232 —— 44 


4 


L 88s ] 


BABLE XLIH. Continued. 


* 


| 


* M. 
F ads On. 


— - — 8 —— — 4 
8 O 
2 2 


o 
——— 0 1 . 
. % 
— 1 


— adit. eto. 


| -+nai2ov:31dO A Later patrarne the Obſervations. /| 
7 E. Mu. | ; 
4 


20 
2 47 | 
1 cv 5.1 


„ Foo ee yy — avs . 4 
1 


2, 30, 


8 9 
( 
y ef 
27 $5: 


2,48, 
27 34 


8 q 
2, 15 
25 ö 


—— c———— oe —_— 
p * a — _ es. „ 
8. ; * 
1 
k . 


, 9 
0 0 1 
. 20 o, 84 o, 82 0, 80 15 o, 77 , 74 1 ©, 71 o, 68 
7 | — ; * x '# pa 0 1 % l GY 
| 1 25 0 43-5 2 al 11 5 3 0, 39 ] o, 38 [o, 36 [o, 35 
| . | | . | — & t f 1 SM, 
RE — © o, oo | 0,00 o, oo 1 o, 00 | 5, oo , 00 | ©, 00 
. 4 | gw 4 80 kd 4 F 5 1 * 1 C3 0» : * 0 * — 8 5 
* 


TABL E XLII.. Continu 
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bd. 


n to Equal uind. TABLE II. 


FÄ A 


„ 
. - 


# - —_— 


Half Interval between the Obſervations. | 


- . —_ „„ — — 22 


— — 


Un. u. n. A. IL 15 Ts „ u. . My E- u. 

| ” * : - 8 _ . —— 47 17 — ͤ à— 
e. 4. 1 428 4. 25 4.40 ⁴ 4. 50 
2 8 — « — — — — — — — —— . 


. s C 
| 1 , 
. - - 8 
— — nn nn —ů— ..ä——— 
\/ 4 1 : 7 > 
P * 


1 
on K 2 


A 


1 
2. 
34 


# o, o 2 2 
e 28 
E , 50 


1TABEE XLII. Continued. 


L 18847] - 


Eguatious ro Equal: Alitudes: TABLE II. 


I 


mm 


. 
cal a oo 


H. M. 


Cas 
. 


* - 


7 H. M. 


_ as 


H. 


_— 


M, 
* 


— — - lo 
: 
CY | > ö 5 1 J 
" * 1 *% 
- - G b a - 
— 
hs * — 4 * — ou * 
1 8 
' . 
8. * 


| 8 15. 
bak 

e 2540 
— 44 
1 + 0 


+» 


o, 
1, 


99: ; 
00 


1 1 2 48 4 


11 2 


—— 4 — ＋ 


— 4. 


8 


1 & . > 
9,78 , 40 
— . — 

l 
. 0, 70 0, 54 | 37 


2 


24 
* 


' 


—=—<C> 


* 


53 


5. 40 


— _ 
7 % 


999999! 
2933382 


Pu a — — 
1 Ky z 


2 5 . . . 2 


— — > 


883358 


. 
1 


4 


o, 39, |. 0, 16 


—_m— 


”—” 
. 


S ο 
888888 
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TABLE XIIII. Continued. 
Equations to Equal. Altitudes, TABLE II. 


XII. 


| Half Interval between the Obſervations. 
H. . H. N. | u. M. Bn. . | u. M. H. . . u. 
1. 3 1. 40 f. 50 | 2. o | 2.10 2. 20 | 2. 30 
72 8. | 8. 
— 12 1 
1 : O, OO | 
o, 44 
o, 87 
1, 29 
1, 68 
2, 03 
— 
2, 33 
2, 56 
2, 73 | 
2, B2 | 
2, 83 | 
J SA, 
2, B6 2, 82 [ 2, 78" 2, 73 J 2, 68 2, 63' 2, 57 
2, 57 | 2, 53] 2, 49 [ 2, 45 2, 41 2, 36 34.3%. þ 
, 280] -i2, ng] 2, 12 2, o fa, og 2,01'-| 1,96 
11, 71 11, 69 CJ 1, 67 1, 54 1, 61 „ 58 e 1, 54 
1, 18 1, 17 1, 15 21, 131 J Ig, 11 I, 09 I, 06 
, 60 0 6 o, 59 „ 158 <7 , 57 0, 55 , 54 
— — —— — — — — 
©, 00 © o, oo ö o, oo E. o, oo o, 0 o, 0 
o, 60 o, 60 o, 59 ][ , 58. ][, 57 ], 55, | ©, 54 
1, 18 4% % 21, Ig 1, 13 I, 11 I, 09 1, 06 
1, 72 1, 70 1,67 1, 6471, 61 1, 88 1, 54 
2, 19 ] 2, 16 [ 2, 13] 2, 09 2, 5 2, 01 I, 97 
, 5 2, 54 -] 2, 50 | 2, 46 (2, 42 | 2437 2, 32 
— — — — — — 1ç95n.i . — — 
2, 87 | 2,83 2, 79 f 2,79 | 2, 0 2, 64 | 2, 58 
3, 06 3, 03 2, 99- | 2, 94 2, B8 |] 2, 82 2, 76 
3, 16 3, 12 3, 08 3.03 2, 97 2, 91 2, 85 
3, 16 3, 123, 07 ] + 3, 022, 97 2, 91. 25 84 
3, 06 3, 02 | 2, g8 2, 93 2, B8 2, 8a 2, 76 
2, 87 [ 2, 84 [ 2, 80 | 2, 55 2, 70 2, 64 2 58 
— cc — — — — — — — 62 Fu 1 , 
2, 60 f 2, 57 | 2, 54 | 2,50: | 2,45 | 2,40" 2, 35 
2, 27 2, 34 2, 31 2, 19 2, 14 [ 2, 10 2, 05 
1, 88 ] 1, 86 | 1, 83 1, 80 1 77 1 i, 69 
1, 45 - 1, 43 I, 41 1, 39 | 11, 30 | - 1, 33 „ 30 
o, 99 o, 97 | '©, 96 o, 94 o, 92 o, 90 o, 88 
o, 50. | 0,49 o, 48 | ©,47 ], 47 , 46 | ©, 45 
©, oo o, 00 | ©, oo | o, oo o, % o, 00 o. oo 


Not. II. 


FP Fe NO —_— "I i * . # | 
TABLE XLIH. Continued. 
Equations to. Equal Altitudes, . TAU II. 

| Half Interval between the Obſervations. | 
Sum's WA — —— — : 18 — N WW ——— | 

- | Longitude. Bre e 
2. 50. . 3. O ( 3. 10 8. 200 C 3. 30 3. 40 l 
8 | — — — 125r̃l.G—— —ę—. . —— — —³ — 
8. 8. 8. j 8, f \ 8. | 

. — — — — — — — 

o, oo o, oo. o, 00-7 o, oog, Bo) fo, o 

o, 42 ] , 41 | £0, 39 ] , 38% , 36 | - ©, 35 

, 83 o, 81 | o, 78 ] o, 75 [, 72 0, 69 

1, 22 1, 19 1, 15 [15 15 1, 06 I, O2 

I, 50 ] 1, 54 1, 49 (, 441, 38 I, 32 

1, 92 1; 1, 80. [, 74 {| 1, 67 I, 60 
— — — — hk — — — 

2, 21 J 2, 14 2, 0 2, oo 1, 92 1, 83 

25, 43 2, 36, 2, 28: 2, 20 | 2, 11; 2, 02 
2, 50 | 2, 55, ]. 2, 430 2, 342, 25 18 
68. J 2, 60 2, 61 2, a 2, 32 2, 22 
2, 68 * 25 60 A 2, £2c 23 | 3 | 25 33. . 2, 23 i 
' 2, 60 | 2, 52 [ 2, 441] ,:2, 35 [ 2, 20: :| 2, 16 
2 — 2 —— — 6 
5 257 44 2, 37 \ 25 29 2, 212, 12 2, 03 | 

22 19 %% 2 J, 05:4 £1, , go; 1, 82 


Ph 

Un 

O 

H 
4 
Ls 
* 
2 
HH 
8A 
PH 
+ © 
ws 


ð 

Dd 
=> 
un 
+ 

D 
w 
+ 

* 
- 
va 
I 

|S) 
w 

0 

d 
9 

— 

& 


2, 45 2, 39.-q 23 39. #3 2, 13 2, 04 
— — — — — — — — 
2, 23 2, 16 | 2, 09 2, 01 1, 93 1, 85 
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TABLE XLIII, Continued. 
Egquatious to Equal Altituden. TABLE II. 


n — 


3 F Half Interval between the Obſervations. 
Sun's — eee eee | | 5 
| Longitude. . u. u. u. | H. M. | H. M. un. u. n. u. u. M. 
3 o j 4 i {4+ | +3 | 449 [4 50 
8. v. |f* 8; 6. , 0 TTC 
Pings Wu — — . e | 


VII. > o | I, 74 l r, 65 I, 585 | 1, 44 I, 33 þ 1, 21 | 1,09. 
19 || 2,05- | 94 | a | 1,69 | 1,56 | | 


20 || 2, 12 | 2, 00 I, 88 I, 75 1, 62 | 1, 47 I, 32 
25 2, 06 | 1,95 1, 83 I, 70 | 1457 | 14 43 , 28 
VIII. + ol 1,93 | 1, 82 I, 71 I, 59 1 47 1 34 1, 2 
; 4; 54 by 73 I, 63 i, $3 I, 43 | 1, 32 ly 20 5 the 
10 |} 1, 47 I, 39 ty, 31 I, 22 | 1, 12 I, 02 o, 92 
tc if 1,1 I, 09 I, 02 o, 96 | ©, 88 o, 80 o, 72 


25 , 4 | 0,38 | 9,36 | 9,34 , 31 0% 48 „ 28 


20 I, 47 I, 39 I, 31 | 1, 22 I, 13 1,03 | 0,92: 
25 * 74 * 94 15 54 I, 44 I, 33 I, 21 r, 08 


25 o, 33 O, 32 o, 30 o, 28 | ©, 26 o 23 o, 21 
— — — — — — 
XII, — oo, oo o, 00 o, 09 fo, oo |: Q, oo | o, %; Q, 
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TABLE XLIII,. Continued. 
[4 TOY! to e Altitudes. TABLE II. 
T "OP Interval een dee 
Sun's 75 ' | 6 | 5 * ” 
Longitude. 1 a M. E . | H. M. | H. M. |: H . H. 1. 7 M. | 
elde Es & e 5. 10. 5. 20 [C. 39 F. 40 F. 50 | 6. 0 
| — — 3 mt teen my I . 8 
8. bv. s. * 84 8. s. e 8. 
| * — Wr — ______ — —1 | 
| 1 VI +off 90 | 0,00 Þ 0,00 | 0, ob: o, oo f 0,00 o, oo 
| & 7: 08 o, 18 0, 15 þ ©, 13 0, 10 | ©, 07 0, o, oo 
| 15 , 36 , 31. | 0,25 | , 19 | 0,13 | 0,07 o, %% 
15 53 [„ 45 f, 37- , 29 4 0,20: | 0, 10 | 0,00 
20, 69 | , 59 [o, , 37 | 0,26 | 0,13 | 0,00. 
8 m 25 1 o, 83 O, 71 0, 58 | ©, 458.4 Q, 31 O, 16 O, 09 
| VIE e o, 96 o, 82) 0, 67 
1 $i I, 0 + ©, 90: f, 74 
* 5 10 I, 14 0, 96 8, 79 
f $1 15 , 16 o, 99 Jo, 8. 
6 28 | o, 82 
| 26 || 1,13 | J © 79 
VIH. Te „e 9 . , 74 
56 9,95 | 98 | 9,0 
10 , 81 f & 69 | 0, 57 
| | o, 63 , 54 | 0, 44 
0 20 [o, 44 o, 37 | ©, 30 
4 25 il O, 22 4 O, 19 O, 16 
| IX. — oo, oo o, 0 o, 00 
5 o, 22. [o, 19 o, 16 
IO || 0, 44 o, 37 o, 31 
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TABLE XLV. Continued. 
Semi-Diurnal Ares. 
Latitude and Declination of the /ame:kind. 
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TABLE XLV. Continued, 
. Semi- Diurnal Arcs. 
Latitude and Declination of the //ame kind. 
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- Semi-Diurnal Arcs. | 
.” Latitude and Declination of the Jame kind: 


LEG. ES. cn — — n 4 > 


BED) 


2 
8 8 "yh | 
=J wu, 


La. m 


© 5 HATITVUDE, 


443 


2 = „ rere * 


— 1 — 8 


— TI A * 


mm 3 Un © 


1 


- 


1 22 


cox ww a 


fl 
i. 


RS Aw; 


$ 
. K 


(FO 
ED 


| 629 


—— re he — 
n. u. H. M. H. u. 
einne 8. 1 6. 13 
6.9% 8% 6. 19 6. 20 5 

5. 46. 6. 25 J 6.27 

6. 32 J 6.33 6. 35. 
1 — — — —ꝓ— — — 
1 6.39 | . 41 | 6. 42 
6. 46 | 5. 48 6. 50 
6. 53 | 6. 55 | 6. 58 
7. „ 7. 3. 7. U. 

N 7. 1 7. 14 


6. 28 
6. 36 
1 7 — 
V. 44 
6. 92 
7 1 1 
7 9 


s 


+ or ow \O 


1 


ODS 7 


3 7 

14 4 . 17. a 8. 9. 8. | 

I; [ 1 3 3 - 0 13 8. 19, | B. 27 | B. 35 
16 59 | 8. 48. 10 | 8.16 | 8. 23 | 8.30 | 8. 38 8. 48 
% CIT SS BY Loh ST , ĩÜ- 5:61 „ 
ee 8. 29 8. 37 8. 45 8. 54 & -& 9. 16 
19 8. 25 8. 32 | 8. 40 | 8. 48 8. 57 | 9: 7 | 9- 18 | 9. 32 
20 [ 8. 35 | 8. 42 | 8. 50 8. 59 9. 40 4 9- 21 [9.34 9. 49 
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TABLE XLV. Continued. 


Semi- Diurual Arcs. 


Latitude and Declination of different kinds. 
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5 „„ 1 6. © is 4's 5. 0 1 0 
6 6. 2 1 1 . 8 0 6. © 5 59 5. 59 5. 38 
7 6. 3 33 5 180 6. 0 8. 9 3. .. 
1 6.1 8 6. 0 8 0 5. 59 $. 60 1 -$- 8 3.5 8 7 
|. — — — — — — 
9 6. 1 6. 1 6: 0-3/6: 0 5. 59 5. 58 6. 87 . £7 
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29 6. © 5. $8 5. $0 f$. $4 f/5- $1] , 487-1- I-45 |: $- 48 
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TABLE XLV. Continued. 


Semi-Diurnal Arcs. 


Latitude and Declination of different kinds. 
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TABLE XLV. Continued. 


Semi-Diurnal Arcs. 
Latitude and Declination of di ferent kinds. 
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58 LATITUDE. 
5 — | 0 33 
2 1 199 20” 219 22% 23® 24 25 | 269 
D. H. M. H. M. H. M. H. M. H. M. H. M. H. M. H. M. 
— —— — — — N 
I 6. 1 1 6. 5 6. 1 t 
2 | $5. 59 | 5. 59 | 5- 59 5. 59 | 5. 59 5. 59 | 5. 59 | .5. $8 
$' ' ge $6 } $- $0} $ $9 {$6 $7 J1- 5+ 3F | -6- $7 | $- 37-4} $- $6 
4 . 57 | 5-56 | 5-56 | 5-56 | 5. 5s F. 58 . 5s . 55 
s | $58 | 5s | 5:55 | 5: 54 | $54 | 5-53 | $- 53 | $- $3 
oF BE BT HB. HB | bm FW] $52} 
71 $9 RR] +3. 5 $14 5-401 4- 6 | '5- 8 1 5 49 
nf For] 6 HOT 3.60: 8-j-3-W 15-47 
En ON — — —— - —— —— —— ͤ —V—᷑:᷑4 
9 5. 50 | 5.49 | 5. 48 | 5. 48 . 5. 47 | 5-46 | 5: 45 | 5. 45 
10 | 5.48 5. 48] 5-47 | 5-46 [. 45 | 5. 44 | $5: 43 | 5+ 43 
11 5. 47 | 5. 46 [5 45 5. 44 | $5: 435. 42 5. 42 | 5- 41 
12 F. 45 | 5. 45 | 5: 44 | 5-43 5. 42 | $- 41 | $- 49 [S. 39 
EY ET ESETTIEST EET EET „ 8. 
14 | $43 |] $41 [54 | $39] $-38 S. 375. 365.34 
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17. . 8. % 6 8. 4 . . „. . 
18 "My 5. 35 5 34 5. 32 FO 5. 29 5. 28 5. 26 
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20 „ 3&4 j- &- 38 5 30 5. 29 5.27 5. 25 5. 24 1 5 22 
21 [F. 32 5. 30 | 5. 28 | 5. 27 | 5. 25 | $5. 23 | $. 21 [ 5. 19 } 
432 5. 30 5 29 5 27 525 5 23 5. 21 5. 19 CIT i 
23 5. 29 . 27 5. 25 5. 23 5. 41 5. 19 3. 17 * 
24 5. 27 5. 25 5. 23 5 21 5. 19 $$? 5. Ig 5 12 
25 1 c. 26 5. 24. &. 21 5. I9 g. 17 5 15 5 12 756. 10 | 
26 5. 24 5. 22 n 5. 13 5. 10 8.98 7 
27 5. 22 5. 20 5. 17 8.11 5. 13 5. 10 5. 85. 5 
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29 . 10 5. 16 65 13 5. 11 5. 8 . 6. 
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TABLE XIV. Continued. 


Semi-Diurnal Ares. 
Latitude and Declination of different kinds. 
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LATITUDE. 
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5. 22 5. 21 J 5. 19 5. 17 5. 15 3. 13 3. 11 $. 0 
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5. 17 . . . 5. II .. 7 TR 1 
5.15 5. 13 5. 11 5.9 34 5. 4 3.58 3 
1. 13 110 „ 3. 8 3. 5. „1 |. 4. 59 4. 56 
5. 10 3 5. 6 8 4 1 4. 58 |. 4. 56 4. 53 
$--$:4--5---5.-1-5.--3:1-$. 0: 4:68 | 455 |-4 53 | 4 56 
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TABLE XLV. Continued. 
Semi-Diurnal Arcs. 
Latitude and Declination of iferent kinds, 
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4. 28 4. 25 4. Al 4. 17 4. 13 4. 8 4 
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TABLE XLV. Continued. 
Semi-Diurnal Arcs. x 
Latitude and Declination of differen? kinds. 
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TABLE XLV. Contimned. 
Semi- Diurnal- Arcs. 
Latitude and Declination of diferent kinds. 
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TA BLE XLV. Continued. 


Semi-Diurnal Arcs. 


Latitude and Declination of diferent kinds. 
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TABLE XLVI. 
The Time anſwering to a Change of Altitude of One Degree at the Horizon. 
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. — — — - = —_— * 1 
2 DECLINATION. | 
Q > | | 
„ ira 
HE 3 | 9 wet 36 I 21 24* | 
D. M. 8. . 8. EN. S$ | M. 3. M. s. [N. 3. M. $S.| M. s. | M. 3. 
o 4. 4. 4. 1[4. 34. 64. 94. 13] 4 174. 22} 
| 2 [4. o 4 Of 4 14. 34. 64. 94. 134. 174. 23 
4 | 4 14. 14. 24. 44. 64. 914. 134 184. 24 
6 [4 14. 14. 24. 4| 4 74 10] 4 14 4 184. 25 
See,, £14: 5 4+ 11 | 4- 15 4. 20 | 4. 26 
10 4. 4] 4 44. 54. 7] 4 10] 4. 12] 4. 17] 4 22 | 4 28 | 
4 12 | 4 64. 64. 74. 94. 124. 154. 194. 244. 30 
14 4. 84. 84. 94. 114. 144. 17 | 4 22 4. 274. 33 
16 | 4 10 4. 10 4. 11 4. 134. 16 4. 194. 24] 4. 294. 36 
184. 134. 13 4. 14 4. 16 4. 19] 4. 22 4. 26 4. 324. 39 
20 4. 16 4. 16 4. 17 4. 19 4. 22 4. 26 4. 30 4. 36 4. 43 
22 4.94% 4 21| 4- 23 4 26 4. 39| 4: 35] 4: 41 | 4 48} 
24 | 4+ 234. 23] 4. 25| 4. 27 4. 30| 4 34| + 39] + 45| + $3 
26 | 4+ 27 4- 27] 4- 29 4. 314. 35] 4 39| + 44] + 51 | 4 59 
28 4. 32 4- 32| 4. 34| 4+ 364. 40 4. 44] 4 50 ++ 57 | 5- 6 
30 4. 37 4. 38] 4+ 40 4. 42 4. 45| 4 50 4. $7] 5. 55 14 
32 4. 43] 4. 44 4: 45 4. 484. 52 4. 575. 4. 12. 23 
| — n | e ee C 
34 | 4+ 494. 50 4. 52 4. 554. 59 5. $61 $- 14] 5- 15. 33 
36 | 4+ 57] 4+ 5865. 5. 3| 5. 5. 135. 21 5. 32 P. 43 
| 38 5. 55. 65. 75. 115. 16 5. 22 5. 315. 42 5- 56 
4140 [| 5. 13] 5. 145. 16 5. 20 5. 26 5. 33 5. 42 5» 556. 10 
| 41 5. 18 5. 195 215. 25 5. 31/5. 395. 49 ©. #1.6. 18 
42 F. 23 5- 245. 26] 5. 30 5. 36 5. 455. 55| 6. 96. 27 
43 F. 28 5. 29 5. 32 5. 36 5. 42 F. 516. 36. 18 6. 36 
44 5. 33] F. 35 5. 38 5. 42] 5. 49 8 58 6. 10 6. 26 6. 45 
45 F. 39 5- 47 5- 44 5. 48 F. 55| ©. 5| 6. 17] 6. 346. 55 
46 F. 45 5. 47 5. 50| F. 54| 6. 16. 12| 6. 26| 6. 44| 7- 6 
47 F. 52| F. 54| 5- 57 6. 16. 86. 20 6. 35| 6. 554 7. 19 
48 [. 59 6. 16. 46. 86. 16| 6. 29 6. 45] 7- 7 7. 34 
49 6. 66. 86. 116. 16 6, 25 6. 386. 56 7. 207. 50 
50 | 6. 14 6. 16] 6. 206. 25 6. 34] 6. 487. 87. 33] 8. 7 
51 | 6. 22| 6. 24| 6. 28 | 6. 34 6. 446. 59 7. 20| 7- 48| 8. 24 
52 | 6. 31 6. 33| 6. 38 6. 44| 6. 55| 7. 11] 7. 338. 4| 8. 43 | 
53 , | 6. 30 6. 42| ©. 47 6. 547. 67. 237. 47] 8. 209. 3 
54 | 6. 49] 6. 526. 58 7. 57. 187. 36 8. 18. 37] 9. 24 
55 6. 587. 1/7. 7| 7. 16] 7. 30 . 49] 8. 16] 8. 559. 48 
56 7. 8] 7. 11 J. 187. 28] 7. 43] 8. 48. 32 9. 18 10. 18 
57 <| 7. 19 7.237. 30 7. 41 7. 588. 21| 8. 59 9. 46 ro. 57 
58 7. 317. 357. 43 7+ 55 8. 148. 399. 2010. 19 ½ f. 47 
59 7. 45 7- 497. 57 S. 10 8. 308. 599. 42 fo. 55 12. 40 
* o| 8. $|6 14 | 8. 27 8. 489 21 |10 94318 36 13. 45 
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TABLE XLVII. 


The Amplitudes of the Rifing and Setting of the Heavenly Bodies. 
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* 10 20 | 30 4 3 | 69 | 1 | 89 
5. b. M. b. % . . 9. u. D. M. b. . | D. u. J D. 4. 
— 4 ¾1VT—œ— 9 — — — — — — 
1 f. 0 N Ge SP 1: $6 6 v7 KK :09%]-S 48 

WS SE + +:49 4:1 F e 
3 b. 0 ir s 1 4. 2 „ 1 
ie +3 þ.5 5 C 
10 i „e 1 4: 4.1. $5 6. 6 * 38 
14 . © 3 3. 44 4 5 . r 
13 J. 2 L. 2, 4] 3,51 4.7|[5 9] 6447] 7-13 8, 15 
0.1 14 6:6 1:3-7297 + 10 [| $- 13] 6. 45 . 7517 | & 19... 
10:3 $i: 4 - 0 -3+:19 4 13 5. 16 6. 19 | 7. 22 8. 25 
20 1. 4 [ 2. 8 IL $ 86 5. 19 6. 23 * 37 8. 31 
22 i. $ 1-2. 10 J 3.14] + 19 5. 24 6. 29 7. 33 8. 38 
24 | 1. . 4. 23.29 6. 34 „ 4..40 
26 | 1. 5 1 3. 14 3. 21 $29: þ- 0-34 6. 41 7. 48 8. 54 
11. 116.38. 24 4. 32 5. 40 6. 48 7. 56 9. 4 
30 | 1. & ] 2. 19] 3. 28 4. 37 |, 5. 466. 55 I 9. 15 
32 1. 11 | 2:22 | 3. 334 436. 54 16 | 9. 27 | 
34 1. 12 56 | 3- 37 4- 50 6. 2 | 7. 15 | 8.27 | 9g. 4© 
36 | 1. 14 | 2. 28 . 434. 57 | 6.11 . 25 | 8. 49 | 9. 54 
38 -t, 16 2. 32 3. 48 | 5- 5 [ 6..21 *; v7 8. 54 | Io. 11 
49 id k $$: 37 | 5$3--86 }: $-16: . 7. 5¹ 9. 9 10. 28 
42 1. 20 ][ 2. 41 4 02 * B&: 6. 44% 8. 5 9. 26 | 10. 48 
43 f. 2 344 4 6 5 29. | 6. 51 3 ie 58 
44 1. 23 2. 47 4. 10 5. 34 6. 58 8. 21 9. 45 in 9 
45 | 1- 26 2. 504. 15 . 49 7. 5 8. 30 [ 9. 55 | I. 21 
| 46 | 2. 26 2. 53 [ 4- 19 5. 46 7. 12 8. 39 | 10. 6 | 11. 33 
47 .] 1. 28 |: 2. 56 4. 24 | F. 52 2.27 8. 49 | 10. 18 | 11. 46 
48 | 1. 3o | 2. 59 | 4. 29 [ 8 59 7. 29 | V. 59 10. 30 12, 0 
49 I. 32 Ja: $ 4. 35 | 6 7. 38 | 9. 1o | 10. 42 | 12. 15 
59 . 3. 7 [ 4. 40 [ 6. 14 | 7. 489. 21 | 10. 56 | 12. 30 
gr | 1.35 | 3. 11 [ 4. 46 6 22 [. 58 | 9. 34 | 11. 10 | 12. 47 
gs | 1.37 | 3-35 | 4 58 4 6,30 | . 87] 9. 47 11. 5 13. 4 
53..-4---4--40--4--3--20 4. 59 |- ©. 40 C2018 © +435 at 4 1%, 23 
} 54 1. 423. 24 | 5- 6 | 6. 49 | 8. 33 | 10. 15 | 11. 58 | 13. 42 
55 I. 45 3. 29 3. 14 „„”‚̃ ( © #33 164-14 ..3 
I 3. 35 8. 22 7. 10 8. 58 | 10. 46 | 12. 35 | 14. 18 
57 1. 50 3. 41 5. 31 3 9. 13 i. 4 12. 56 [ 14. 4 
| 58 1. 63 3. 47 5. 40 7. 34 9.261. 23 13518 15, 13 
59 . $7. | 3* $3. „e i» 47 9. 45 14. $3} 13« 41 43.15 41 
60 W 6 1:1] 10. i #4} 44- [6:4 16, 10 
61 8 4 4. 8 6. ug . 16 } 10. % 1% 29 16, 41 
V . „em, . i. Is 
63 2. 12 | 4- 25 6. 45-48-50 | 42-44 , 117. 51 
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—— — — — —-— — — — — — —ů—ů— — — 
== DECLINATION. 
2 | 
= ME ſ | N T 8. 5 
| FY | | 1 129 fd 14 | 159 | 1 
. r e. 
2 9. © | 10. © | 11. © | 12. © 13. © | 14 o 15. o 16. 1 
4 9. 2 | 10. 2 | 11. 2 | 12: 2 | 13.' 214. 2:7 15. 2 16. 3 
17 , 416 6 1a ©6) | 
8 „ 6 110.0 [it en. 7 Fi. $8 js 'y' Ti 9 126. os | 
| 10 9. 8 | 10. 10 | 11. ro | 12. 11 | 13. 12 | 14. 13 | 18. 14 | 16. 1 5 
12 9. 12 | 10. 14 | II. 14 | 12. 16 | 13. 18 | 14. 19 | 15. 21 | 16, 22 | 
I4 9. 17 | 10. 18 | 11. 20 | 12. 22 | 13. 24 | 14. 26 | 15. 29 |-16. 30 
16 | 9. 22: | 10. 24 | 11. 27 | 12. 30 | 13. 32 14. 34 | 15. 37 16. 40 
18 | 9. 28 10. 31 | 14. 35 | 12. 38 | 13. 41 | 14. 44 | 15. 47 | 16. gr | 
$0 |. Þ 35 a, 11. 43 FT $24 *3- $2. 1.5S 58 18. 9 4 
22 | 9. 43 | 10, 2 11. 53 58 | 14. 2 | 15 - 73 | 77. 18 
24 -]--9- 52. | 10... I2 th. 1 14. 1 I 16. | 
Eos hf Wal os ans wan ens cole 3 . Y — 5 * . A ps 34 _ 
26 10. 1 | 11. 9 | 12. 15 | 13. 22 | 14. 30 | I5. 37 | 16. 44 | 17. 52 
| 28 | 10. 12 | 11. 21 | 12. 29 | 13. 37 | 14. 46 | 15. 54-| 17. 3 | 18. 11 | 
30 | 10. 24 11. 34 | 12. 44 | 13. 53 | 15. 3 | 16. 13 | 17. 23 | 18. 34 
32 | 10. 38 | 11. 49 | 13. © | 14. 11 | 15. 23 | 16. 3417. 46 | 18. 58 t 
hn $ 10. 52 | 12.. 5 | 13, 18 | 14. 31 | 15. 45 | 16. 58 | 18. 12 19. 25 
| 30 | 11. 9 | 12. 24 | 13. 39 | 14. 54 | 16. 9 | 17. 24 | 18. 40 | 19. 55 
| 38 | 11. 27 | 12. 44 | 14. 1 | 15. 18 | 16. 35 | 17. 53 19. 19 20. 26 | 
40 | 11. 47 | 13 14. 25 | 15. 45 | 17- 5 | 18. 25 | 19. 45 | 21, 
42 12. 9 | 13. 31 | 14. 53 | 16. ig | 17. 37 | 19. © | 20. 23 | 21, 4 
43 | 72. 21 | 13. 44 | 15. 7 | 16. 31 | 17. 55 | 19. 19 || 20. 43 | 22. 8 
44 | 12. 34 | 13. 58 | 15. 23 | 16. 48 | 18. 13 | 19. 39 | 21. 5 | 22. 32 
[_45 | 12. 47 14. 13 | 15. 39 | 17. 6 | 18. 33 | 20. C | 21. 28 | 22. 57 | 
46 13. 1 | 14. 29 | 15. 57 | 17. 25 | 18. 54 | 20. 43 | 21. 53 | 23. 22 
47 13. 16 | 14. 45 | 36. 15 | 17. 45 | 19. 17 20. 47 | 22. 18 | 23. 50 | 
48 | 13. 28 | 16. 2 16. 34 | 18, 6 | 19. 39 | 21. 12 | 22. 45 | 24. 19 
| 49 | 73: 48 | 15. 21 | 16, 55 | 18. 29 20. 3 | 21. 38 | 23. 15 | 24. 51 
50 | 14. 5 {| 15. 40 | 17. 16 | 18. 52 20. 29 | 22. 7 | 23. 45 25. 24 
£3.-1-44..423' T2 1 [I. 39 | 19- 17 | 20. 50 | 22. 37 | 24. 17 25. 59 | 
52 | 14. 43 16. 23 18. 3 | 19. 44 | 21. 16 | 23. ©8-| 24. 52 | 26. 36 
53 15. 416. 47 | 18. 29 | 20. 13 | 21 57 | 23. 42 | 25. 28 | 29. 6 
4 | 15- 26 | 17. 11 | 18. 57 | 20. 43 | 22. 30 | 24. 18 | 26. 7 7 58 | 
5 15. 50 | 17. 37 | 19. 26 | 21. 15 23. 5 | 24. 57 | 26. 49 28. 43 
5 16. 15 | I8. 6 19. 57 21. 50 | 28. 43 faz. 38 o » 3429. 32 
57 | 16. 42 | 18. 36 | 20. 30 | 22. 27 | 24. 24 | 26. 23 | 28. 29 | 30. 24 
58 | 17. 10 | 19. 8 |21. 6 | 23. 6 | 25. 7 | 27. 10 29. 1431. 20 
59 | 17. 41 | 19. 42 | 21. 45 | 23. 49 | 25. 53 | 28 5 30. 10 | 32, 21 | 
60 | 18. 14 | 20. 19 | 22. 25 | 24. 34 | 26. 46 | 28. 55 31. 10 | 33. 27 
61 | 18. 50 | 20- 59 23.11 | 25. 24 | 27. 39 | 29. 56 | 32. 16 | 34. 39 | 
| 62 | 19. 28 | 21. 43 23. 59 | 26. 17 | 28. 38 | 31. 133. 27 | 35. 57 | 
6320. 9 | 22. 29 24. 51 | 27: 15 | 29. 42 | 32, 12 34. 4637. 23 | 
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TABLE XLVIII. 
To find the Enlightened Part of the Diameter of the Moon, or Venus, 
' ſuppoſing the Diameter to be divided into 12 equal Parts. 
b ' | | | . f 88 4: — | 25 
| For tie MOON Arcvuutnt. Diſtance of the Moon from the Sun. | 
#7 — r | 
ELITES of 115 iow” | Haje: 
" © þ + thr. : - Parts. | Parts. Parts. „ Parts. | 1 
ol 0,000 . 0,804 3,00 56,000 9,000 | 11,196 - | 30 : . ; G 
” | ©,00t. | - 0,857 | 3,092. | -0,104 .| gogo | 11,247. I [/ w 
HS 0,004 | O,912 | 3,184 | 6,209 9,179 | 11,297 | 28 | J 
3 | %00g | 0,969 3.277 | 6,314 | © 9,267- | 11,346" | 27 |. 10 
+ gorg |. 1,020 3,370 | 6,418 . 093556 |. 11,3923 | 26 1 
es 085 | 3,465 | 6,523. 9,441 | © 11,437- 25 ; : I 
6 | 6033 | nigh |, 560 - | 66627 |, grgzo | 1487 | ag | ©. l 
7 0,045 15209 3,556 ö 5731 | 9,611 * 11,523 9 * y . 
8 | : 0,059 1,272 3,53 {| ©4834 | © 9.694 | 11,563 | 22 7 
9 0,074 1,337 | 3,850 | 6,938 9,770 | 11,601-. | 21 A 1 
10 05,0917 1,494 | 3,948 7,041 0,856 | 11,638 | 20 9 
1 „ref „42 | * 44047 | 7145 | | 9.936; 1, [0 N 
+. 13 , 131 1,542 44147 7247 10,014 | 11,706 18 t 
13 07154 1,612 ⁴ 4,247 74349 10,091 | © 115737: 1% [3 \ 
14 0,179 1,084 44347 - 7451 16,1607. | . 11,767 | 16-7 5 
1 0,205 1,758 444 14552 | 10,242 11,795 15 1 
16 | 0,233 1,833; 44349 © | 79053 10, 316 11,821 of = A 
17, | . 0,263. 1,909 4.651 [ 74753 | | 10, 388 | 11,846 | 13- 3 
18 0,294; 1,986 4753 | 7853 [ 40, 458 11,869 12 . 
ITC 2+953 |. -Loogat | unBgo | ur =: 1 
20 | 0,362 | 2,144 4,959 8,052 10,596 11,989 10 * 
2 „39 | 2, |* 5,062 5, 10% ] 1% ' 1 
| 22 o, 437 2,306 5,66 5247 IO, 728. I I;041 . = 
mM 23 0,477 2,389 5,269 344 10, 791 119 85 7 15 
24 P i } * 22474 % „%%% 1d 7 6 . fs 
— | --04503 - 22559 5477 85835. |. 10,915 2922 oF 3. F5 Rs 
| 26 | 0,608 | 2,643 ||" 5,582 8,63% | 16,994 | 511,985 -| 4 |”. 15 
72 , 540 | :23733-:| . $8 - 38,723 Bw: 991 3 | 
| 28 0,703 2,821 791 8,816 f 17,088 195 3 
29 10,753] zl - 5,996 ⁶[ 8, 2,43 1999 f 
mt” , 804 3,000 | 6,000 95 11,196 12,000 9. 4 
| 150 120 | 90 609 „5 Os r wh 
For VENUS—AxrcGumenT. Angle formed by two lines dran from & 
| Venus to the Sun and Earth, | 
| | 
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TABLE LI. 
Logiſtic Logarithms. 
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TABLE LI. Continued. 
Logibic Logatithms. 


[ N 7 : "ou oY 1 28 — — — — 
E Ran g 6 : 7 47 bp. u. 
rr Er 92 er r SC 88 | 
u. . o | 60.-| 120 180 | 240. | 300- 36 40 480. | 540. | M. 8. 
31 [2326491155973 143773 1142320 [402 37,0365 | 9641 | go2r | 8479 | 7997 | 3! 
| 32 |2,0512|1,5925[1,3745 [1,2300 [1,1217 11,0352 9630 | 9012 8470 | 79%g | 32 
| 33 12,0378(1,5878 [13716142279 [11201 11,0339 gorg 2 | 8462 | 7981 |. 33 
| 34 (249248] 125832 jregenn 722 59,1186 1,32 992 8453 | 7974 | 34 
35 [20122 1,5786 1,3660 11,2239 751170, 13 9597 | 8983 | 8445 | 7900 | 35 
1 = | nt — enrens — — — ISS ws IR Ent 
| 36 [2,0000 | 155740 1, 3632 (132418 |1,1134 [10306 9596 | 8973 | 8437 | 7959 36 
| 37 |1,9881|1, 5695 36042198 1,1138 87] 9575 | 8964 | 8428 | 7957 | 37 
| 30 9765 |1, $651 [143876 [142178 [151123 1150374 | 9504 94 7943 38 
g |1,9652 |1,5607 1,3349 159 [141107 [130261 | 9553 | B945 2 | 7930 | 39 
40 |1,9542 [195503 1,3522 [142139 [141091 [10348 | 9542 8935 9493 | 7929 | 49 
Pr I : From a : 
41 | 159445 | 138620 [133496 119,107,235 | 9532 8925 8395 | 7921 | 41 
42 169331754771, 1,2099 1,1061 7,023 952189778386 7914 42 
43 19228 1435 [1,3441 |1,2080 151045 0 10 9510 890 | 8378 | 7 43 
44 1,9128 1,5393 498 1,2061 n 94 8898 8370 7899 44 
45 1, 90311, 351 ½,3388 l, 2041 5 2015 [1,01 51 9488 | 8888 8361 1 45 
46 11,8935 |1,5310 1,3362 |1,2022 1,0999 1,72 9478 8879 8333 | 7584 46 
47 1,8842 1,5269 [143336 |1,2003 f, 0984 10160 9407 8870 | 8345 | 7877 | 47 
48 |1,87g91|1,5229 143310 1,198 4 10969 [1,0147 | 945 8861 8337 | 7869 | 48 
49 |1,8661 [1,5189 [153284 1, i965 [140954 [1,035 | 9446 | 8852 | B328 | 7862 | 49 
co 7,8573 5149732 50 [141946 [1:0939 [140122 | 9435 $843 | $320 | 7855 | 50 
gr (7,8487, 51103233 [1/1927 [150924 [1010945 | 8833 | B312 | 7847 | 51 
52 |1,8403|1,5071 1,3208 [1,1 1,0909 [1,0098 | 9414 8824 8304 7849 | $2 
| 53 [1,8320|1,5032 [143193 1,1889 |1,0894 |1,0085 | 9404 | 8814 8296 | 7832 | $53 
54 |1,823911,4994 1,3158 1,7871 „0880 1,0073 9393 | $805 8288 7678 54 
55 1,8159 1,4956 1,3133 1,1852 1,8651, 0061 9383 | 8796 8279 | 781 55 
6— — — — —— PO ER — — 
36 4,8081 1,4918 1,3108 1,1834 1508 50 r, 049 | 9372 8787 8271781 66 
57 1, 8004 1,4881 13083 118160835 1,0036 9362 | 8778 8263 | 7803 | $7 | 
68 \.1,7929| 144944 [11,3059 [141797 1,082 1 [1,0024 | 9357 | 8769 8255 | 7796 | 358 
9 1,785 5 1,4808 |[1,3034 [141779 1,0806 [1,0012 | 934! 8760 | 82477789 59 
60 7782 1,4771 1,3010 f, 1761 (f, [1,0000 9331 875r | 8239 | 7782 | 
Co | [. ** 1 * * — — — ne 
1 | 7 | Ki 8 | | 
„ * 2 | 1 13 2 
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TABLE LI. Continued. 


D. M. 10 IT | 12 | be 8. 
1 11 | 4 
M. 8, | 600 | 660 | 720 N. 8. 
„ | 7792 7368 | 6990 E 
'2 | 7794 | 4361 | 6984 0" + 
2 | 7707 | 7354 | 0978 2 
3 | 7760 | 7348 | 6972 - 
4 | 7753 | 734" | 6966 4 
5 | 7745 | 7335 | 6960 5 
6 | 7738 | 7328 | 6954 6 
13 | 7328 | 6948 3 
5 2 7724 | 7315 | 0942 \ 
9 | 7727 | 7309 | 6936 9 
| To | 7720 | 7392 | 6930 16 
12 65924 11 
12 6918 SS 
| 13 6912 13 1 
15 .| 6960 15 
16 2660 7264 | 68 1 7 
17 | 7660 | 7257 | 6888 - 
18 | 7053 | 7251 | 6882 18 
19 | 7046 | 7244 | 6897 19 
20 | 7639 | 7238 | 683 20 
21 | 7632 | 7234 | 6865 21 
22 | 7676 7225 | 6859 22 
23 | 7618 | 7219 | 6853 23 
24 | 7011 | 7212 | 6847 a 
25 | 7604 | 7206 | 6841 25 
26 | 7597 | 7200 | 6836 26 
27 7590 | 7193 6 30 $7 - 
| 28 | 7583 | 7187 | 6824 28 
j 29 | 7577 | 7181 | 6818 26 
| 30 | 7570 | 7175 | 6812 30 
| 10 | 11 | 182 HC 
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TABLE LI. 


"Continued. 
Logiſtic Logarithms. 


| v; u. 20 | or | 22 | *3 | 24 25 | 6 | 7 | 88 | 29 . u. 
Ju. s. | 1200 | 1260 | 1320 | 1380 | 1440 | 1500 | 1560 | 1620 | i680, 1740 |M. s. 
| o | 477: | a559 | 4357 | 4164 | 3979 | 3802 | 3632 | 3468 | 3310 | 3158 | © | 
| x "| 4768 | 4556 | 4354 | 416: | 3976 | 3799 | 3639 | 3465 | 3307 | 3155 | x | 
| 2 | 4764 | 4552 | 4357 | 4:58 | 3973 || 3790 | 36261 13463 33053533 2 
3 | 4760 | 4549 | 4347 | 4155 | 3970 || 3793 | 3623 | 3460 3302 3150} 3 
1 4X | 4757 | 4546 | 4344 | 452 | 3967 | 3791 | 3621 || 3457 || (3300 | 31 4 
| 5 [4753] 4542 149347 | 149) 3964 || 3788 | 3618 | 3454 | 32971 3145] 5 
| 6 3061 3452 3294 3143 | 6 
+ 3958 3449 || 3292 | 3240] 7. 
8 3446 | 3289 138 + | 
9 3444 3287 3135 29 
GY 344" || 3284 | 3133] 10 
3438 3282 3130 11 
3436 | 3279 3128 | 12 
3433 3270 | 3125 | 13 
| 3431 | 3274 | 3123 | 14 
| 3428 | 3271 | 3120 | 1s | 
| | Rn IIA how 
| 3425 | 3269 | 3118 | 26 
3483 | (3206 | 3115 | a7 
| 342d {| 3204 | 333g} 48 
3417 3261 | 3110 19 
3415" 3259 3408 | 20 
{| 3422 32563106 | 27 
71 || 3409 | 3253 | 3193 | 22 
3568 | 3407 | 3257 | 3191 | 3 
3565 | 13494 || 3248 3098 24 
| 5401 5 3240 | 3996 | 25 
3568 339d | 3243 | 3993 | 26 
339 3241 | 3091 27 
3393 | 3238 | 3088 28 
3391 | 3236 | 3086 | 29 
3388 | 3233 | 3083 | 30 | 
27 | 88 | 29 
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TABLE LI. Continued. 


Logiſtic Logarithms. 

b. u. 20 | 21 | 22 | 23 | #4 | 25 | 26 | 27 
|. s. | 1200 1260 1320 | 1380 | 1440 | 1500 1560 | 1620 
31 | 4660 | 4454 | 4256 | 4068 | 3887 | 3713 | 3546 | 3386 
32 | 4657 | 4450 | 4253 | 4065 | 3884 | 3710 | 3544 | 3393 
33 | 4653 | 4447 | 4250 | 4062 | 3881 | 3708 | 3541 | 3380 
34 | 4650 | 4444 | 4247 | 4959 3878 3705 | 3538 | 3378 
35 | 4646 | 4440 | 4244 | 4955 | 3875 | 3702 | 3535 | 3375 
36 | 4643 | 4437 | 4240 | 4052 | 3872 | 3699 | 3533 | 3372 
1 4039 4434 | 4237 | 4949 | 3869 | 3696 | 3530 | 3370 
38 | 4636 | 4430 | 4234 | 4046 3866 | 3693 | 3527 | 3307 
39 | 4632 | 4427 | 4231 | 4043 3863 | 3691 | 3525 | 3305 , 
40 | 4629 | 4424 | 4228 | 4040 | 3860 | 3688 | 3522 | 3362 
41 | 4625 | 4420 | 4224 | 4937 | 3857 | 3685 | 3519 | 3359 
42 | 4622 | 4417 | 4321 | 4034 3855 | 3682 | 3516 | 3357 : 
43 | 4618 | 4414 | 4218 | 4031 | 3852 | 3079 | 3514 | 3354 
44 4015 44to | 4215 | 4028 3849 3677 | 3511 | 335t 
45 | a6ri | 4407 | 4412 | 4025 | 3846 | 3674 | 3508 | 3349 
. £ * . ä - ol WD £7 1 ods | N — — 6 r 
46 | 4608 | 4404 4209 4022 3843 | 3671 3506 | 3346 
47 | 4604 | 4400 | 4205 | 4019 | 3840 | 3608 | 3503 | 3344 
48 4601 | 4397 | 4202 | 4016 | 3837 | 3665 | 3500 | 3347 
| #9 | 4597 | 4394 | 4199 | 4013 | 3834 | 3093 | 3497 | 3330 | 
50 45944390 4 4610 3831 | 3660 | 3495 | $336 

— — 3 225 8 — | 2 = F | 9 = 
| 5r | 4590 | 4387 | 4193 | 4007 | 3828 | 3657 | 3492 | 3333 
52 | 4587 | 4384 | 4:89 | 4c04 | 3825 | 3654 | 3489 | 333? 
63 | 4584 | 4380 4186 | 4001 | 3822 3651 3487 3328 
54 | 4580 | 4377 | 4:83 | 3998 | 3820 | 3649 | 3484 | 3325 | 
55 | 4577 | 4374 | 4180 | 3995 | 3817 | 3046 | 348r | 3323 
36 4573 | 4370 | 4177 | 3991 | 3814 | 3643 | 3479 | 3320 

57 | 4570 | 4367 | 4174 | 3988 | 381r | 3040 | 3470 | 331 
58 | 4566 | 4364 | 4171 | 3985 | 3808 | 3637 | 3473 | 3315 
59 | 4563 | 4361 | 4167 | 3982 | 3805 | 3035 | 347! | 3313 
bo | 4559 | 4357 | 4164 | 3979 | 3802 | 3632 | 3468 | 3310 
20 | gf” | 29. | 238. | 24; | 23- | 236; |} 27: 

1 F Wo 1 


r F Cat <a, > £ 
— K — 64 . 3 
——— — SO = 


TABLE LI. Continued. 
Logiftic Logarithms, . 


| me. 8. | 1800 | 1860 | 1920 | 1980 | 2040 | 2100 | 2160 | 2220} 2280 | 2340 [ M. 8. 


o | 3010 | 2868 | 2730 | 2596 | 2467 | 2341 | 2218 | 2099 | 1984 | 1871 0 
x | 3008 | 2866 | 2728 | 2594 | 2465 | 2339 | 2216 | 2098 | 1982 | 1869 I 
2 3005 | 2863 | 2725 | 2592 | 2402 | 2337 | 2214 | 2096 | 1980 | 1867 "Il 
3 | 3003 | 2861 | 2723 | 2590 | 2460 | 2335 | 2212 | 2094 | 1978 | 186 3 
4 3001 | 2859 | 2721 | 2588 | 2458 | 2333 | 2210 | 2092 | 1976 | 1863 4 | 
5 | 2998 | 2856 | 2719 | 2585 | 2456 | 2331 | 2208 | 2090 | 1974 | 1862 5 
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25 | 2950 | 2810 | 2674 | 2542 | 2414 | 22 2169 | 2051 | 1936 | 1825 | 25 
— a - —_ — — — — — 
5 | | 
26 | 2948 | 2808 | 2672 | 2540 | 2412 | 2287 | 2167 | 2049 | 1934 | 1823 | 26 
27 | 2946 | 2805 | 2669 | 2538 | 2410 | 2285 | 2165 | 2047 | 1993 | i821 | 27 
FX 2943 | 2803 | 2667 | 2535 | 2408 | 2283 | 2163 | 2045 | 1931 | 1819 | 28 a 
29 | 2941 | 2801 | 2665 | 2533 | 2405 | 2281 | 216r | 2043 | 1929 | 1817 
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TABLE LI. Continued. 
Logiſtic Logarithms, 


e n 1 55 NE nh N e aaa; 
v. u. 30 | 31 323334 | 35 | 36 37 [ 38 | 39 b. u. 
M. s. 1800 | 1860 1920 1980 | 2040 | 2100 | 2160 | 2220 | 2280 | 2340 [M. 5 
| 4 : ; aber 
31 | 2936 2796 2660 | 2529 | 2401 | 2277 | 2157] 2039 | 1925 1814 | 31 | 

32 | 2934 | 2794 | 2658 | 2527 | 2399 | 2275 | 2155 | 2037 | 1923 | 1812 | 32 

33 | 2931 | 2792 | 2656 | 2525 | 2397 | 2273 | 2153 | 2035 | 1921 | 1810 | 33 

34 || 2929 | 2789 | 2654 | 2522 | 2395 | 2271 | 2151'| 2033 | 1919 | 1808 | 34 

35 | 2927 | 2787 | 2652 | 2520 2393 | 2209 2149 | 2032 | 1918 1806 | 35 | 

36 | 2924 | 2785 2649 2518 | 2391 | 2267 | 2147 | 2030 | 1916 | 1805 36 

37 | 2922 | 2782 | 2647 | 2516 | 2389 | 2265 | 2145 | 2028 | 1914 | 1803 | 37 

38 | 2920 | 2780 | 2645 | 2514 | 2387 | 2263 | 2143 | 2026 | 1912 | 1801 | 38 

39 | 2917 | 2778 | 2643 | 2512 | 2384 | 2261 | 2141 | 2024 | 1910 | 1799 | 39 

40 | 29i5 | 2775 | 2640 | 2510 | 2382 | 2259 | 2139 2022 | 1908 | 1797 | 40 
WM OE 23 — 5 * 

41 | 2912 | 2773 | 2638 | 2507 | 2380 | 2257 | 2137 | 2020 | 1906 | 1795 |. 41 

42 | 2910 | 2771 | 2636 | 2505 | 2378 | 2255 | 2135 | 2018 | 1904 | 1794 | 42 

43 | 2908 | 2769 | 2634 | 2503 | 2376 | 2253 | 2133 | 2016 | 1903 | 1792 | 43 

44 | 2905 | 2766 | 2632 | 2501 | 2374 | 2251 | 2131 | 2014 | 1901 | 1790 | 44 

45 | 2903 | 2764 | 2629 | 2499 | 2372 | 2249 | 2129 | 2012 | 1899 | 1788 | 45 

46 —_— 2762 2627 | 2497 | 2370 | 2247 | 2127 | 2010 | 1897 | 1786 46 

47 | 2898 | 2760 | 2625 | 2494 | 2368 | 2245 | 2125 | 2009 | 1895 | 1785 | 47 

48 | 2896.| 2757 | 2623 | 2492 | 2366 | 2243 | 2123 | 2007 | 1893 | 1783 | 48 

49 | 2894 | 2755 | 2621 | 2490 | 2364 | 2241 | 2121 | 2005 | 1891 | 1781 | 49 

50 | 2891 | 2753 | 2618 | 2488 | 2362 | 2239 | 2119 | 2003 | 1889 | 1779 | 50- 

gr | 2889 | 2750 | 2616 | 2486 | 2359 | 2237 | 2117 | 2001 | 1888 | 1777 | $1 

52 | 2887 | 2748 | 2614 | 2484 | 2357 | 2235 | 2115 | 1999 | 1886 | 1775 | 52 

53 | 2884 | 2746 | 2612 | 2482 | 2355 | 2233 | 2113 | 1997 | 1884 | 1774 53 

54 | 2882 | 2744 | 2610 | 2480 | 2353 | 2231 | 2111 | 1995 | 1882 | 1772.| 54 

55 | 2880 | 2741 | 2607 | 2477 | 2351 | 2229 | 2109 | 1993 | 1880 | 1770 | 55 

56 | 2877 | 2739 | 260g | 2475 | 2349 | 2227 | 2107 | 1991 | 1878 | 1768 | 56 

57 | 2875 | 2737 | 2603 | 2473 | 2347 | 2225 | 2105 | 1989 | 1876 | 1766 | 57 

58 | 2873 | 2735 | 2601 | 2471 | 2345 | 2223 | 2103 -| 1987 | 1875 | 1765 58 

59 | 2870 | 2732 | 2599 | 2469 | 2343 | 2220 | 2101 | 1986. | 1873 | 1763 | 59 

60 | 2868 | 2730 | 2596 | 2467 | 2341 | 2218 | 2099 1984 | 1871 | 1561 | 60 

30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 
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TABLE LI. Continued. 


* 


4 
„* 1 4 


3 


Laæilic Logarithms. 
* 
b. u. 40 44 | 48. 44 | 45 
A. 3. | 2400 | 2460 | 2520 | 2580 | 2640 | 2700 
0 | 1761 | 1654 | r549 | 1447 | 1347 | 1249 | 1154 | 106» | og6g 08800 0 
: x | 2759 || 2652 | 7547 [7445 | 2345 | 1248 | 1152 | 1059 | 0968 | 0878 | 1 | 
2 | 2757 | 1650 | 1545 |. 1443 j| 2344 | 1240 | 3151 1057 | 0966 | 0877 | 2 
3 | a755 | 1648 | 1544 | 1442 | 2342 | 1245 | 1149 | 1056 | og0g | 0B75 | 3 
4 | #754 | 1647 | 1542 | 1449 | 1349 | 1243 | 3148 | 1054 0963 | 0874 | 4 
5 | +752 1645 1540 | 1438 | 1339 | 2244 | 1246 | 1053 | 0902 | 0BJ2 | - 5 | 
——— — — — —— — — —— 
6 | 2350 | 1643 | 1539 | 1437 | 1339 | 2240 | 1145 | 1051 og6o | 0872 | 6 | 
7 | 2748 | 2641 | 1537 | 1435 | 1335 | 1238 | 1143 | 1950 | 2959 0869 7 
8 1746 1040 | 2535 | 7433 | 7334 1237 | 11441 | 1048 | 0957 | 0868 0 
9 | 1745 | 1638 | 1534 | 1432 | 1332 | 1235 | 1149 | 1047 | 0956 | 0860 | g |þ 
10 | 1743 | 1636 | 2533 | 1430 | 1331 | 1233 | 1138 | 1045 1 0954 | 0305 | 19 
Fin... DOR | - — — — — — — ICE | 
11 | 1741 | 1634 | 1530 | 2428 | 1329 | 1232 | 1137 | 1044 | 9953 | 0863 | 11 
12 | 3739 1633 | 1528 | 1427 | 1327 | 1230 | 1135 | 1042 | 0951 o862 | 12 
13 | 1737 | 2631 | 1527 | 2425 | 1326 | 1229 | 1134 | 1041 | 0950 0860 | 13 
14 | 2736 | 1629 | 1525 | 1423 | 1324 | 1227 | 1132 | 1039 | 0948 | obgg | 14 
16 | 1734 | 1627 | 1523 | 1422 | 1322 | 1225 | 1130 | 1037 | 2947 o857 | 15 
3 8 FO ——_ v.. IE. "TILES" 7 "RE 
16 | 1732 | 2626 | 1522 | 1420 | 1321 | 1224 | 1129 | 1036 | 0945 08 56 | 16 
17 | 1730 | 1624 | 1520 1418 | 1319 | 1222 | 1127 |. 1034 | 0944 | 855 17 
18 | 1728 | 1622 | 1518 | 1417 | 1317 | 1221 \ 1126 | 1033 | 0942 | o8Bg3 | 18 | 
19 | 1727 | 1620 | 1516 | 1415 | 1316 | 1219 1124 | 1031 | 0941 | 085219 
20 | 1725 | 1619 | 1515 | 1413-| 1314 | 1217 | 1123 | 1030 | 0939 o85o | 20 | 
21 1923 | 1617 | 1513 |' 1412 | 1313 1216 1121 1028 | 0938 | 084921 
22 | 1721 | 1615-] 1512 | 1410 | 1311 | 1214 | 1119-1 1027 "0936 | 0847 | 22 | 
23 171916131510 1408 | 1309 | 1213 | 1118 | 1025 | 0935 | 6846 | 23 
24 171 1612 1508 14071308] 1211 1116 1024 0933 0844 24 | 
25 | 1716 | 1610 1506 1405 | 1306 | 1209 1115 1022 | 0932 | 0843 25 | 
26 | 1714 1608 1504 | 1403 | 1394 1208 | 1113 | 1021 |} 0930 | 0841 | 26 
27 | 1712 | 1606 | 1503 | 1492 | 1303 e206 | 1112 | 1019 | 0929 | o84o | 27 
28 | 1711 | 1605 | 1501 | 1490 | 1301 | 1205 | 1110 | 1018 | 0927 0838 | 28 
20 | 1709 | 1603 | 1499 1398 1300 | 1203 | 1109 1016 | 0920 | 0837 | 29 | 
30 | 1707 | 1601 | 1498 |1397 | 1298 | 1201 | 1107 | 1015 | 0924 | 0835 30 | 
lo 4% 1 4% 4 4% |48 | 4: | 
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TABLE LI. Continued. 


Logiflic Logarithms. 


le . 
b. u. 40 4 2» | 43 | 44 46 1 49 b . 
u. 9, | 2400 | 2460 2520 2580 2640 270 2760 | 2820 | 2880 | 2940 M. s. | 
| , | Woes >” 
31 | 1565 | 1599 | 1496 | 1395 | 1296 [1200 | 1105 | 1013 | 0923 | 0834 31 
| 32 | 1703 | 1598 | 1494 | 1393 | 1295 | 1198 | 1104 | 1012 | 0g21 | 0833 | 32 
33 1702 | 1596 | 1493 | 1392 | 1293-| 1197 | iro2 1000920 0831 | 33 
34 | 17009.| 1594 | 1491 | 13 1291 | 1195 | 1101 | 1008 | og81 | 0830 | 34 
35 1698 | 1592 | 1489 | 1388 | 1290 11931099 1007 [09170828 35 [ 
36 1696 1591 | 1487 | 1387 1288 | 1192 | 1098 | 1005 ogis | 0827 | 36 
37 | 1694 | 158g | 1486 | 1385 | 1287 | 1190 | 1096 | 1004 | 0914 | 0825 | 37 
38 1693 | 1587 | 1484 | 1383 | 1285 [11891095] 100209120824 38 
39 | 690 | 1585 | 1482 | 1382 | 1283 | 1187 | 1093 | 1oor | ogit | oB22 | 3g 
140 | 1689 | 1584 | 1481 | 1380 | 1282 7180 1091 | 0999 | 090g | 0821 | 40 
| — | RES * 
41 | 1687 1582 1479 | 1378 | 1280 11841090 | ogg8 | ogo8 | 08: 41 
-42 | 1686 | 1580 | 1477 137712781182 10880996 0906 | 0818 | 42 
43 | 1684 | 1578 | 1476 | 1375 | 1277 | 2181 | 1087'} ogg | ogog | 0816 | 43 
| '44 | 1682 | 1577 | 1474 | 1373 | 1275 | 1179 | 1085 | 0993 | 0903 | obtg | 44 
45 1680 | 1575 | 1472 | 1372 | 1274 | 1178 | 1084 | 0992 0902 814 45 
| = _ — r if 
46 | 1638 | 1573 | 1470 | 1370 | 1272 | 1176 | 1082 | oggo | ogo | 0812 | 46 
47 1677 || 1571 | 1469 | 1368 | 1270'| 1174 | 1081 ogBy | 0899 ] 0811 | 47 
48 | 1675 | 1570 | 1467 | 1367 | 126g | 1173 | 1079 | og87 | oBgj. 48 | 
49 | 1673 | 1568 | 1465 | 1365 | 1267 | 1171 | 1078 | og86 | o896 | 0808 49 
50 | 1671 | 1566 | 1464 | 1363 | 1266 | 1170 | 1076 | 0984 | ©894 | 0806 | 50 
51 1670 | 1565 | 1462 | 1362 | 1264 | 1168 | 1074 | 0983 | 0893 oog $1 
52 166815631460 1360 | 1262 | 1167 107309810891 | 0803 52 
53 1666 | 1561 | 1459 | 1359 | 1261 | 1165 | 1071 09800890 o802 53 
54 1664 | 1559 | 1457 | 1357 | 1259 | 1163 | 1070 | 0978 | 0888 | 0801] 54 
| 55 | 1663 | 1558 | 1455 | 1355 | 1257 1162 | 1068 | 0977 | 0887 | 0799 55 
r — — — 
36 1661 j 1556 | 1454 | 1354 | 1256 | 1160 | 1067 | 0975 | 0885 | 0798 56 
| 57 | 1659 | 1554 |.1452 | 1352 | 1254 | 1159 | robs | 0974 | 0884 | 0796 | 57 
58 1657 | 1552 | 1450 | 135012531157 1064 | 0972 |} 0883 | 0795 58 
59 16551551 | 1449 | 1349 | 1251 1156] 1062 | 0971 | o881 | 0793 | 59 
| Go | 1654 | 13494 1447 | 1347 [1249 | 7154 | rob: | 0gby 0886 0792 }- bo | 
n. J 4 4% 1 % %% 4 „%% 
- : a 0 N 1 £7 775 = 5 
Vol. II. 


1 1 


TABLE LI. Continued. 
Logiftic Logarithms. 


| | — + 
M.| 50 | 51 | 52 53 | -54 | 55 | 56 | 87 58 59 er 
s. | 3000 3060 3120 3180 | 3240 | 3300 | 3360-| 3420 | 34%0 | 3540 M. 8. 
| * 5 . — | 
' © | 0792 | 0706 | 0621 | 0539 [0458 | 0378. | 0300 | 0223 | 0147 | 0073 0 
1 07 o 2040620 [053704560377 0298 | 0221 | 0146 | 0072 1 
2 6789 | 0303 619 53% | 0455 | 0375 | 0297 | 0220 05% | 2 
| 3 | a787 | 0702 | a617 | 0535 | 0454 | 0374 | 0296 | 0219 | 0143 | ooby | 3 
| 4 | 0786 | 0700 | 0616 | 0533 | 0452 | 0373 | 9294 0218 | 0142 | 0068 1 
5 | o785 | o6gg | 06150532 0451 | 0371 | 9293. 0216 | 0141 | 0067 5 
— | ——— — — | — 
6 | 0783 0697 0613 0531 | 0450 | 0370' | 0292 | 0215 | 0140 | 0066 | 6 
7 | 0782 | 0696 | 0612 0529 |. 0448 | 0309 | 0291 | 0214 |,0139 0064 | 7 
8 | 0580 | 0694 0610 | 0528 | 0447 | 0367 | 0289 | 0213 | 0137 | 0063 | 8 
9 | 0779 | £693 | obog | 0526 0446 | 0366' | 0288 |, 0211 | 0136 | 0062 | 9 
10 | 0777 0692 obo8 | o525 | 0444 |.0365 | 0287 | 0210 | 0135 | oobr'| 10 
12 
— — —— 
11 | 6776 | 069 | 9606 | 0524 | 0443 363 0285 0209. | 0134 | 011 
| 12 | 0774 o68g | o605 | 0522 | 0442 | 0362 | 0284 | 0208 | 0132 | oog5s | 12 
13 | 0773 | 0687 | 0603 | 0521 |.0440 | 0361,| 0283 | 0206 | 0131 | 0057 | 13 
14 | ©0772 | 0686 | 0602 | 0520 | 0439 0359. |. 9282 | 0205, |.0130 | 9056 | 14 
"oY | 0770 068; | 0601 | 0518 | 0438 | 0358. | 0280 | 0204. | 0129 | oog5 | 15 
| — — : * ne | 5 * . 
16 | 0769 | 0683 | 0599 0517 | 0436 | 0357 | 9279 | 0202 0127. 0053 | 16 
17 | 0767 | 0682 | 0598 | 0516 | 0435 |-0350-| 0278 | 0201 |,0120 | 0052 | 17 
18 | 0766 | o680 | 0596 0514 | 0434 |,0354 | 276 0200 | 0125 | oogt | 18 
19 | 0764 | 0679 | 0595 | 0513 | 9432 | 0353 | 9275 | 2199 | 0124 | 0050 | 19 
20 | 0763 0678 0594 0512 04310352 | 0274 | 0197-| 0122 | 0049 | 20 
| — — — —ẽ fͤ—— a 2 
21 | 0762 | 0676 | o || 0510 | Q430 | 0350 | 0273 0196 | 0121 | 0047 | 21 
'22 | 0960 | 0675 | 0591 | 0509 | 0428 | 0349 | 0271 |, 0195 1.0120 | 0046 | 22 
23 | 0759 | 0673 | aggo | 0507 | 0427 | 0348 | 0270 | 0194 | OI19 | 0045 | 23 
24 | 0757 | 0672 | 0588 | 0506 | 0426 | 0346 | 0269 | 0192 | 0117 | 0044 | 24 
25 | 0756 | 0670 | 0587 | 0505'| 0424 | 0345 | 0267 0191 [0116 0042 | 25 
rs 5 [SH N og 
26 | 0754 | 066g | o585 | 0503 | 0423 | 0344 | 0266 | 0190 | 0115 | 0041 | 26 
27 | 0753 | 0668 | 0584 | 0502 | 0422 | 0342 || 0265 189 | 0114 | 0040 | 27 
28 | 0751 þ 0666 | 0583 | 0501 | 0420 | 0341 | 0264 0187 | 0112 | 0039 | 28 
29 | 0750 | 0665 | 0581 | 0499 | 0419 | 0340 | 0202 0186 | OI11 | 0038 | 29 
30 | 0749 | 0663 | 0580 | 0498 | 0418 | 0339 | 0261 0185 | 0110 | 0036 30 
| 60 51 | 5&2 | 53 | 54 5s 56 q 87 | 58 59 | 


TABLE LI. Continued. 
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Logiſtic Logarithms. 
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53 
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ts £4 
9495 
9494 
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TABLE LI. Continued. 
 Logiftic Logarithns. 


* 


tne th 


| 6 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 8 | . . 
3600 | 3660 3720 3780 | 3840 3900 3960 | 4020 | 40804140 [u. s. 
,0000 9928 | 9858 | 9788 | 9720 | 9652 | 9586 | 9521 | 9456 | 9393 | © 
i 9927 | 9856 97879719 96519585 9520 | 9455 | 9392 I 
5998 9926 f 9855 97869717 9650 | 9584 | 9519 | 9434 | 9391 | 2 
9995 9925 | 9854 | 9785 | 9716 | 9649 | 9583 | 9518 | 9453 | 9390 | 3 
5 | 9923 | 9853 | 9784 | 9715 | 9648 | 9582 | 9576 | 9452 | 9389 | 4 
333. 8 8 14 | 9647 | 9581 | 9515 | 9451 | 9388 | 5 
9994 | 9922 | 9852. | 9782 | 9714 | 9047 5 $ | 
ws EIS RES OW +34 f 
| 8 3 | 9646 7 14 | 9459 | 9387 | 6 
244 0920 9 5780 2723 —— 3578 3375 — 9386 | 7 
9848 | 9 711 | 9643 | 9577 | 9512 | 9448 | 9335} 8 
9990 | 9919 | 9848 | 9779 | 19 37 
9089 | 9918 | 9847 | 9778 | 9710 | 9642 | 957695119447 | 9384 | 9 
9988 | 9916 | 9846 | 9777 | 9708 | 9641 | 9575 | 95109446 9383 | 10 
7 — 15 l Ss 5 | 
1 | 445 | 9381 11 
e e e e,, FEA 
338 8 9705 | 9638 | 9572 | 9507 | 9443 | 9379 | 13 
9984 | 9913 | 9842 | 9773 1% +4 $-x{ $-+-4 fp 1M 
9983 | 9912 | 9841 | 9772 | 9704 | 37 | 957% | 9590 | 9442. . 
9982 | 9910 | 9840 | 9771 | 9703 | 9036 | 9570 | 9595 99 | 9 2 
oF : - 6 | | 4 * : : y 6k. | ö 
, Y , | 96 6 50 439 | 9376 16 
Ho anon nn eat 
9978 3907 9837 | 9767 9699 9632 | 95669501 | 9437 | 9374 | 18 
9977 99069835 | 9766 | 9698 | 9631 | 9505 | 9500 | 9436 | 9373 | 19 
9976 | 9995 | 9834 | 9765 | 9697 | 9630 | 9504 | 9499 | 9435 | 9372 | 20 
5 9903 | 9833 9764 9696 9629 | 9563 | 9498 | 9434 | 937: | 21 
EE 
9972 3901 963 | 9762 9694 | 9627 | 9361 | 9496 | 9432 | 9369 | 23 
997 9900 9830 9761 | 9693 | 9626 | 9560 | 9495 | 9431 | 9368 | 24 
| 9970 | 989g | 9829 | 9759 | 9692 9025 | 9559 | 9494 9430 9367 | 25. 
9897 | o 8 | 9624 | 9558 | 9493 | 9429 | 9366 | 26 
906 9690 9620 3757 9695 —— 9887 9492 | 9428 | 9365 | 27 
9966 | 9895 | 9825 | 9756 | 9688 | 9621 9555 | 9491 | 9427 | 9364 | 28 | 
9905 | 9894 | 98249755 oy 9620 | 9554 9490 9426 9303 29 
9964 | 9893 | 9823 | 9754 | 9686 | 9619 | 9553 | 9488 | 9425 | 9362 | 3 
| Go | 61 | 62 83 64 | 6z | 66 67 | 68 | 69 
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TABLE II. Continued. 
| Logiftic Logarithms. 


„ „ * 


D. M. 60 | 61 62 | 63 64 65 66 | 67 68 69 . M. 
u. s. | 3600 | 3660 3720 3780 | 3840 | 3900 3960 [4908 4080 | 4140 u. s. 
31 | 9963 | 9892 9822 97539685 961895529487 9424 9361 31 
32 99629890 9820 | 9751 | g684 | 961795579466 9422 9300 | 32 
33 |- 9960 | 9869 9819-| 9750 | 9683 | 9616 | 9550 | 9485 | 9421 | 9359 | 33 
34 | 9959 | $888 | 9818 | 9749 | 9081 36759549 | 9484 | 9420 | 9353 | 34 
3: | 9958 | 9887 | 9817 | 9748 | 9680 9614 |ig548 | 9483 | 9419 | 9330 35 
h . — + 2 F R p 
36 | 9937 | 9886 | 9816 | 9747 | 9679 | 9612 | 9547 | 9482 | 9418 | 9355 | 36 
37 | 9956 | 9885 | 9815 | 9746 | 9678 | gorr | 9546 9481 | 9417 | 9354 | 37 
* | 9954 | 9883 | 9813 | 9745 | 9677 | 9610 9545 9480 | 9416 | 9353 | 38 
9 | 9953 | 9882 | 9812 | 9744 | 9676 | 9609 | 9544 | 9479 | 9415 | 9552 | 39 
4o | 9952 | 988: | 9811 | 9742 | 9675 | 9608 | 9542 | 9478 | 9414 | 935t | 40 
41 | 9951 | 9880 | 9810 9741 | 9674 | 9607 | 9541 | 9477 | 9473 | 9359 | 41 
42 | 9950 | 9879 | 980g | 9740 | 9672 | 9606 | 9540 | 9470 | 9412 | 9349 | 42 
43 | 9948 | 9877 | 9808 | 9739 | 9671 | 9605 | 9539 | 9475 | 9411 | 9348 | 43 
44 | $947 | 9876 | 9807 | 9738 | 9670 | 9604 | 9538 | 9473 | 9410 | 9347 | 44 
45 | 9940 1 9805 9737 | 9669 | 9603 | 9537 | 9472 | 9499 | 9342 45 
46 | 9945 | 9874 | 9804 9736 90% 96019536 9471 | 9408 | 9345 | 46 
47 | 9944 | 9873 9803 9734 | 9667 | 9600 | 9535 | 9470 | 9497 | 9344 | 47 
| 48 | 9942 | 9872 | g8oz | 9733 | 9006 1 9599 1 9534 | 94 9406 | 9343 | 48 
49 | 9941 | 9870 | 9801 | 9732 9665 | 9598 | 9533 | 9468 | 9405 | 934 | 49 
co | 9940 | 9869 | 9800 | 9731 | 9664 | 9597 | 9532 | 9467 | 9404 | 934! | 59 
ELLE : x : : Ee — — — 
51 | 9939 | 9868 | 9798 | 9730 | 9662 | 9596 | 9530 | 9466 | 9402 | 9342 | 51 
52 | 9938 | 9867 | 9797 | 9729 | 9661 | 9595 | 9529 | 9405 | 9491 9339 52 
53 | 9937 | 9865 | 9796 | 9728 | 9660 | 9594 9528 | 9464 | 9400 | 9338 | 53 
54 | 9935 | 9865 | 9795 | 9727 | 9659 | 9593 | 9327 | 9463 1.9399 | 9337 | 534 
55 | 9934.| 9863 | 9794 | 9725 | 9658 | 9592 | 9526 | 9462 | 9399 | 933% | 55 
<6 | 9933 | 9862 | 9793 | 9724 | 9657 | 9599 | 9825 | 9461 | 9397 | 9335 56 
| 57 | 9932 | 9861 | 9792 | 9723 | 9056 | 9589 | 9524 94650 | 9396 | 9334 | 57 
| 58 | 9931 | 9860 | 9790 | 9722 | 9555 9588 | 9523 | 9459 | 9395 | 9333 | 58 
59 | 9929 9859 9789 9721 | 9653 | 9587 | 9522 | 9457 | 9394 | 933% | 359 
bo | 9928 | 9858 | 9788 | 9720 | 9652 | 9586 | 9321 | 9456 | 9393 | 9337 | 00 
Z 60 61 6s | 03 64 | 65 | 67 68 09 | 


% 
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TABLE LI. Continued, 


* 2 m—__ 2 | . Eg > , —— 7 — — . att vel 
D. u. 70 | 71 72 73 74 75 76 77 78 79 4 M. 
— ——— — — — — 2 
M. s. 4200 | 4260 | 4320 | 4380 4440 4500 4560 | 4620 | 4680 | 4740 | M. 8. 
o | 9331 | 9269 | 9208 | 9148|-9089 | 9031 | 8973 | 8917. | 8861 886 © 
I 9329 | 9268 920791479088 90308972 89168860 8804 1 
2 | 9328 9267 92069146 90879029 897189158859 8833 2 
3 | 9327 | 9266 | 9205 | 9145 90869028 | 8971 | 8914 | 8858 | 8802 1 
4 9326 9265 | 9204 | 9144 | 9085 | 9027 897089738857 8802 4 
5 | 9325 | 9264 | 9203 [91439084 9026 | 896g | 8912 | 88568801 5 
5 — — mo — : . As 3 ; a f 
6 | 9324 | 9263 | 9202 9142 9083 9025 8908 | 8911 | 885; 8800 6 
7 9323 9262 9201 91419082 9024 8967 | Bgio | 8854 | 8799 | 7 
8 | 9322 | 9261 | 9200 | 9140 | 90819023 | 8966 | Bgog 8853 87988 
9 | 9327 | 9260 | 9199 | 9139 | 9080 | gozz | Bgbs 8908 8852 8797 9 
10 | 9320 | 9259 | 9198 | 9138 | 9079 | 9921 | 3964 Pe | 8851 | 8796 | 10 
11 | 9319 | 9258 | 9197 9137 9078900 8963 | 8906 8850 | 8795 | 11 
12 |-9318 9257 9196 | 9136 | 9977 | 9019 | 8902 | 8905 8849 | 8794 | 12. 
13 | 9317 | 9256 | 9195 | 9135 | 9076 | gois | 8961 | 8904 | 8849 | 8793 | 13 
14 | 9316 | 9255 | 9194 | 9134 | 9076 901789608903 8848 | 8792 | 14 
15 3375 | 9254 | 9193 \| 9133 | 9975 | 9946 8959 8903 8847 | B79z | 15 
16. | 9314 | 9253 | 9192 | 9132 | 9074 ITY 8958 | 8902 | 8846 | 8791 16 
17 | 9313 | 9252 | 9191 | 9131 | 90739015 8957890 | B845 | 8790 | 17 
18 | 9312 | 9251 | 9190 | 9130 | 9072 | 9014 | 3950 | 8900 | 8844 ry 18 
19 | 9311 | 9250 | 9189 | 9129 | 9071 | 9013 | 8955 | 8899 | 8843 | 8733 | 19 
20 | 9310 |,9249 | 9188 | 9128 | 9070 | 9012 8954 | 8898 | 8842 | $787 | 20 
21 | 9309 | 9248 | 9187 | 9128 | 9069 | gorr | 8953 | 8897 | 8841 | 8786 | 21 
22 | 9308 | 9247 | 9186 | 9127 | 9068 | goro | 8952 f 8896 | 8840 | 8785 22 
23 | 9307 | 9246 | 9185 | 9126 | 9067 | 900g | 8952 8895 8839 | 8784 | 23 
24 | 93 9245 9184 | 9125 | 9066 | 900889518894 8838 | 8783 | 24 
25 | 9395 | 9244 | 9183 | 9124 | 906g | 9007 8950 | 8893 | 8837 8782 25 
i ; ; ö - - — RE Rows SENT kev , 
26 | 9304 9243 | 9182 9123 | 9064 | 9906 | 9949 8892 | 8837 | 8781 | 26 
27 | 9303 | 9241 | 9181 | 912290639005 8948 | 88gr | 8836 | 8781 | 27 
28 | 9302 | 9240 | 9180 | 9121 | 906290048947 3890 | 8835 | 8780 | 28 
29 | 9301 | 9239 | 9179 | 9120 | gobi | 9003 | 8946 | 8889 | 8834 $779 29 
30 9300 | 9238 | 9178 | 911g | gobo | 9002 | 5945 8888 8833 | 8778 30 
| 70 71 72 | 73 | 74 | 75 76 | TY 78 | 79 
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TABLE II Colitintcd. 


Logiftic Logarithms. 


73 74 75 76 77 | 78 | 70 


. 
: 
= OO — OP — — — « * = _ * 
1 
i ” * 7 , : * ( 5 
. 1 . . 15 kv 1 
- 
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TABLE LI. Continued. 


Logiſtic Logarithms. 
p. u. 83 84 | 85 86 87 88 89 D. 1. 
1 6 4% | 5040 | 51553160 gase | 5280 | 5340 |. 5. 
= ee | 8539 | B48 | 8457 8387 | 8337 | 8288 | © 
1 | $598 | 8538 | 8487 | 8436 | 8386 | 8336 8287 1 
2 ' 8589 | 8537 | 8486 | 8435 | 8385 8335 8286 | 2 
, | 8589 8537 8485 | 8434 | 8384 | 8335 | 8286] 3 
"8 8588 8536 8484 | 8433 8383 8334 | 82888 4 
5 8587 | 8535 | 8484 | $433 | 3383 | 8333 82664 55 


1 433 


- 


IT 


TABLE LI. Contmued. 


Logiſlic Logarithins. 


Trae? NEE N SY K | | 1 
„ „ 80 | 8 | 8 838485 | 86 87 | 88 | 8g o. . 

' 2 3 
u. 5. | 4800 | 4860 | 4929 | 4980 | 5040 | 5100 | 5160 | 5220 | 5280 | 5340 | w. » 
31. | 8723 | 8669 | 8617 8564 | 8513 | 8461 | $411 | 8361 | 5312 8263 8 
32 | 8722 | 8668 | 8616 8593-| 8512 | $460 | 8410 | 8360 | 8311 | 3262 12 
33 | 8721 | 8668 | 8615 8562 | 8511 | 8460 8409 8359 | 8310 | $261 33 
34 | 8720 | 8667 | 8614 8561 | 8510 | 8459 | 8408 | 8355 $309 8260 | 34 
35 | 8719 | 8666 | $613 8501 | 8509 | 8458 | 8408 | 8358 | 8308 | 8260 | 35 

EY. | | 
36 | 8718 | 8665 8612 | 8560 | 8508 | 8457 | 8407. 8357 3307 | 8259 16. 
37 | $718 | 8664 | 8611 8559 | 8507 | 8456 | 8406 | 8330 $307 82581 37 
38 | 8717 | 8663 | 8610 | 8558 | 8506 | 8455 | 8405 | B355 | 8306 | B257 | 38 

| 39 8716 | 8662 | 8610 | 8557 | 8506 8455 | 84094 | 8354 8305 | 8257 39 

40 | 8715 | 8661 | 8609 | 8556 | 8505 | 8454 | 8493] 8353 | 8304 8256 40 
41 8714 | $661 | 8608 | 8556 | 8504 8453 | 3403 | 8353 | 8304 | 8255 41 
42 | 8713 | 8660 | 8607 | 8555 | 8503 | 3452 8402 | 8352 | 8303 | 8254 | 42 
43 | 8712 | 865g | 8696 | 8554 | 8502 8451 | 8401 | 8351 | 8302 | 8253 43 

44 | 8711 | 8658 | 8605 8553 | 8501 [8450 8400 | 8350 | 8301 [8252 44 | 
45 | 8710 | 8657 | 8604 | 8552 | 8501 | 9450 8399 | 8350 | 8300 | 8252 | 45 

| 46 | 8709 | 8656 | 8603 | 855: | 8500 | 8449 | 8398 | 8349 | Bagg | B25r | 46 

| 47 | 8709 | 8655 | 8603 | 8550 | 8499 | 8448 | 8398 | 8348 | 3299 | 8250 | 47 
48 | 8708 | 8654 | 8602 | 8549] 8498 | 8447 | 9397 8347 | 8298 | 8249 | 48 
49 | 8707 | 8654 | 8601 | 8549 | 8497 | 8446 | 8396 | 8345 | 8297 8248 49 
50 | 8700 | 8653 | 8600 | 8548 | 8490 | 8445 8395 | 8345 8290 | 8247 | 50 
51 | 8705 | 8652 8599 | 8547 | 8495 | 8445 | 8394 | 8345 | 8295 | B247 | 5 
2 | 8704 | £631 | 8598 | 8546 | 8494 | 8444 | 83903 8344 | 3294 | d246 | 52 

| 53 | 8703 | 8650 | 8597 | 8545 | 8494 | 8443 | $392 | 8343 | 3294 | Þ245 , 53 

| 74 | 8702 | 8649 | 8596 | 8544 | 8493 | 8442 | $392 | 8342 | 3293 | 3244 | 54 
55 | $702 | 8648 | 8596. 8543 8492 | 8441 | $391 | 8341 | S292 | 8244 | 55 | 

—— 5 e 

56 8701 | 8647 | 8595 | $542 | 8491 8440 8390 | 8340 | 8291 | 8243 | 56 

1 57 | 8700 | 8646 | 5594 8542 | $490 | 9440 8389 8340 | 9291 | $242 | 57 

| 58 | $699 8645 8593 | 8541 | 8489 | 8439 8388 8339 5290 | 8241 | 88 
59 86988645 8592 | 8545 | 5489 8438 8388 | 8338 | 8289.] $240 | 59 

| 60 | 8697 | 8644 | 8591 8539 | 8488 | 8437 | $387 | 8337 | 8288 | 8239 . 60 | 
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TABLE L. 


% 


F, OR converting De pen ; Minutes and Seconds | into Time. 


l Take the degrees, minutes and ſeconds from the firſt, third, and 
fifth columns, and againſt them yours have the correſponding times, the ſam. of 


which 1s the time required. 


;EXAMPLE. Reduce 78*. 39'. 57” into time. 


% 


70? } 3 5 2 40˙. o” 
3 - 5» O. 16. 0 
Es. - 6. 4. 0 
ES — -. „ 0.430 
7. = - o. O. 3,333 
3 „„. „ 0g 00: 
Time required - 4. 58. 39,799 


* : 


TABLE 


THE USE OF THE TABLES. 


TABLE II. 
For converting Time into Degrees, Minutes and Seconds. 


Rvl E. Take the time from the firſt, third and fifth columns, and againſt 
them you have the degrees, minutes and ſeconds correſponding, the ſum ny 


which is the quantity required, 


EXAMPL E. Reduce 17. 34. 19” into degrees, minutes and ſeconds. 


105. e 1 50. of, of 
ou - ws... 7 «ISS, 
SE”; . - „ 
4” > - — „ 
10” bo . - O. 2. 30 
8 - <7 / hs ws BS 
Degrees required 10563. 34. 45 
TABLE III. 


For mk. Mi utes Bw Seconds into the Decimal of an Hour. 


Rox. Take the time from the firſt and third columns, and againſt them 
you have the correſponding decimals, the ſum of which is the decimal re- 


N 


ExAuPLE. What is the decimal of 19“. 47”? 


10˙ — - — „16666 
9 . - - - ,15000 
40” - - - 01111 
8 7 - ,00194 
Decimal required - - 32971 


"T1214 TABLE 
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THE' USE OF THE TABLES. 


| TABLE IV. 
For finding the Length. of circular Arcs to Radius Unity. 


RuLE. Take the degrees, minutes and. ſeconds from the firſt, third and 


fifth columns, and againſt them you have. the correſponding lengths, the ſum 


of which is the length required. 


EXAMPLE. What is the length of an arc of 37“, 42 58"? 


%% Es 
7 — We — 531221720 
. * = 550116355 
20 - =”. > G00 
"Tr Dany 0,0002424.. 
„„ w =. _ 0,0000388 
Length required — o, 6582703 


If the radius be not unity, the length may be found by proportion, ** 
ſaying, — radius :: length þ here found: the length required. 


TABLE V. 
R vr finding the Sun's Parallax i in Altitude, the ap werent Altitude: being given. 


3 Find the altitude cadet the column Sun's Alt. and againſt 1t you 
have the parallax. If the apparent altitude be not found in the Table, the. 


parallax muſt be found by proportion. | 95 


— 


EXAMPLE. What is the parallax at the apparent altitude 47. 27. 20”? 


At 40 apP- alt, the. parallax is 6,70. 
— G0. — _ . 02: 


10 Ms | 1,.08 


% 


Hence, 10 17% 27. 207 : 1% 08 2 o”,8, which ſubtracted from 6”,7 leaves 


5”,9 the parallax. Hence, the altitude, corrected for parallax, is 477. 27'. 25”,9. 


*% 


TABLE 


THE USE OF THE TABLES, 


TABLE VI. 


Contains the mean Right A ſcenſion and North- polar Diſtances of 36 principal 
fixed Stars, for the Beginning of 1790; together with their annual Preceſſions, and 


proper Motions; all as ſettled 9 Dr. MA SKELYNE ; thence to deduce their places 


for any other Year. 


Rur E. Multiply the 3 preceſſion bo the 8 of AE between 
the given year and 1790, and you get the annual preceſſion for that interval. 
Then if the given year be after 1790, add the annual preceſſion in right aſcen- 
ſion for that interval to the right aſcenſion for 1790, and you get the mean 
right aſcenſion for the beginning of the given year ; and apply the annual pre- 
ceſſion in north polar diſtance for the interval, according to the ſign, to the 
north polar diſtance for 1790, and you get the north polar diſtance at the 


beginning of the given year. But if the given year be before 1790, ſubtract 
the annual preceſſion in right aſcenſion, and apply the annual preceſſion of 


north ou diſtance with a my ben. 


: ws w hat oY 45 mean right aſcenſion and north polar diſtance 25 
Sirius, at the beginning of the year 1800 


Mean right aſcenſion for 1790 — 6. 35. 53,44 
Motion in preceſſion for 10 years - +26, 79 
Mean right. aſcenſion for 1800. .' = 6. 36. 20 23 


Or, in degrees it is 99% 5. 3,45 (Tas, II.) 


North polar diſtance for 17900 1 1061 261 2771. 


Motion in Preceſſion for 10 n nt Nt +42, 5 
North polar diſtance for 1800 — & 45-38 


TABLE. 
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THE USE OF THE TABLES. 


TABLE VIL 
Contains the Sum of the Preceſſion,- Aberration, and Solar Inequality of Preceſſon 
from the beginning of the Year, of 31 principal Stars, in Degrees; being one Part of 
rhe Correttion of the mean Rigit Aſcenſion from the beginning of the Tear. 


Rur E. Againſt the day of the month, under the given far, you have the 
equation required. If the day of the month be r not found in che Table, the 


equation muſt be found by 1 
ann. Wust! is the equation for Hrn on April 277 


4 


01 480 2 Abril; 20 - - theequation+3"4 
b = 1 F T 8 7 * ap 
a E Gt; 7 6 a Z 


Hence, 10 : 7 471-18. which ſubtracted bon 3",4 gives +1”,9 
the equation, or correction required. 


* 
x 
* 


* . 0 i 5 hs 
— 88S | , 38 > 4 
- « * l 1 fe 51 ( 3 : * 4 4 1 
" CT „ N p 


| 3 TABLE VIII. 


Contains the Equation of the Equinoxes, and Deviation of 1he ſame Stars as in the 
laſt Table, in Degrees, being the other Part of the Correction in Ri gh! Aſcenſion from 
the beginning of the Year. | 
- Rurte. Enter the firſt 4 with the longitude of che moon's aſcending 
node (Taz.: XXXL. XXXII.), this equation depending upon the place 
of the node; and againſt it, under the given ſtar, you have the equation re- 
quired, Tf the longitude 'be not found i in the Table, the equation muſt be 
found by Freren. 8 


Os ww 


( 


aig | EXAMPLE. 


THE VSE OF THE TABLES. —_— 
EXAMPLE, What is the eaten of Sirius on April 27, 18? 


The longitude of the moon's aſcending node is o, 27. 4”. 


1 75 Fa.. ; 
Long. of 4-6 e e Equation — O, 4 
— — — do. 10 — . — — 2, 9 


O. 10 7 1 | a 2, 5 


— J þ © \ . 
> . 


Hence, 10* : 27. 4 : 2,5 : 01, aus added to -O 24 gives — o 5 
the equation, or correction required. p 


From this, and the laft example, we find. the whole correction of Sirius on 
April 277 in the year 1800, to be +3445 but the mean right aſcenſion 
of Sirius at the beginning of 1800, we have found to be 99“. 5, 3. 45 * 
hence, the true right aſcenſion of Sirius on. April 27> — is 997. 5. 


4¹85. | 
h F ; | f 
* 4 2 a 1 17 of 1 a , i * f z ' 4 1 . 
4 » * . bs , : i 1 ” * * ſy w It " # +» — 3 L — 2 +f 4 = 71 
: * F . ey - 
9 . * f # by N wy 
P 1 * * 2 F - - x * 7 « 4 


TABLES IX. any X. 
Are TanLns VII. and VIII. e in e Time. 


. N 18 "> 
$ ».'S '®; * « . 


The uſe of theſe being engl the ſame as that of the laſt two Tables, it 
is unneceſſary to add any examples. 


TABLE XI. 


Contains that Part of the E quation of the Obliquity of the Ecliptic, which ariſes 
from the unequal Force of the Sun in cauſing he Preceſſion of the E W and 
therefore depending upon the Sun, it muft be the ſame every Tear. 


RulE. Take the day of the wa and againſt it you have the equation 
required. If the given day of the month be not found in the Table, the equa- 
tion muſt be found by proportion. | 


EXAMPLE. 


10 " + 


THE USE OF THE TABLES: 


ExAMPLE, What is the equation on May 243 


* 4 
i . 23 4 


| Hence, 7 lr 0,07» which added to 0,4 gives 0”,47 the equa- 
tion. | ores | : 
orig e- oi 5598 Boidw 
2 | A, | S hp col #3 IF 435 LED 


TABLE XII. 


"YColttains Fat Part of the Equation of the © Otliqnity of the Paliptc, which ariſes 
from the une qual Fortt of the Moon in cauſing tlie Preceſſion of the E quinoxes, aud 
we 77 To the a V EE, rhe porn aſcending 1 ont my 

Nine 110 Cina: 3 i (13 

Add Eater the Table wich the 3 of the moon's aſcending . 

{Tas. XXXI. XXXII.), and againſt it you have the equation required, If 


1 the ae be not found in che ths ot the 47x" muſt be found by pro- 


* — XF 


fo a ' = 8 N 1 129 Nin r 
T Lad £21 OY ie A 7A 1. 
Ea ExAMPLE. What is the equation on May 24, 17981 ? 


_ 


eln i. 


The longitude of the . 8 . is 2 2˙. 4. Kees Big 


T1135) 4 
4 Long. of v 's 8 2˙ 4” - — Equation +42 
W — 2. 5 1 35 9 — +1, 0 


| '» "ey ! DEP : O, 2 
x ; e 4 Coin | ; ES * | | 1 
\ OR EIS I 3 band *. iT! 14 $ 


Hence, 2 17 2 o 92 f 0 306, which ſubtracted 8 4 52 iow +4” 14 
the equation 8 

e 5 this and the laſt example, te whole equation of be obliquiry 
of the ecliptic on May 24, 1798, is +3" BY - 


THE USE OF THE) TABLES, 


I 4-4 


TABLE XIII. 


Contains the mean Ręfraction of the heavenly Bodies, correſponding ts ta PPAR apparent 
3 Zenith Diſtances. Ns | 


2 


RLE. Find the apparent zenith diſtance, and againſt it you have the 
mean refraction. If the diſtance be not found i in the Table, the refraction 


muſt be found by e : 


ExAur IR. What is the mean refraction at the apparent ventith diſtance. 
715. 16. =. 5 $28 | 
At 51*. 100 zen. diſt. Refration 4.4515 


* 
* 


* 71. 20 ͤ—iGꝛ24 - - 2. 47, 39 


10 | „ 


. 
— : . * 
97 i 


Hine, 10%: 5. 48” : 22 786 : o”,9, which added to 2-45 FR give 2. 46 773 
neee „ en 101 5 

This Table e by I Dr. eee with his Obſervations, tore ro is 
conſtructed to give the refraction when the barometer ſtands at 29,6 inches, 
and the thermometer at 50 degrees; the next Table is to correct this, for any 
variation of the barometer and thermometer from theſe altitudes. 


„ £ 7 1 
12 1 


TABLE XIV. 


Contains Decimals, which multiplied into the mean | Refraion, gives the Correction 


e 15 V. ariation oft ihe Weie 1 and a _—_— of the Air. 


1 Figa, in the upper horizontal las; the height of the barvirieter, 


and in the firſt perpendicular line the height of the thermometer, and cor- 
reſponding to them you have the decimal required ; which multiplied into 
the mean refraction, and applied to the mean refraction according to the ſign, 
gives the true refraction. If the altitudes be not found 1n the Table, the 


decimal muſt be found by proportion. 


FC 


Vor. IL K k R L. XAML E. 


"A 


— TY —— — —— ͤA— — = — — — 


THB.USK Qs; THR PAY LE fie: 


EXAMPLE. What is the true refraction at the e zenith diſtance 
717. 15“. 48”, the barometer W at 30, 3 * inches, and the thermometer 


— 


3 inches? % i ©; $\ | 
283 Au e iss B iis Kn ; 

| " Againlt'61* Wander 30,3 bes — Dec. — „004 

— 8 54 — — * 1 — 5001 

D n woy 1 8 rol 115 | 4% 90+ boat 3 

a . { 32 . i 5 1. 1 1343 &.* 14 $5 * & #35. „003 1 19 4 

01281191 n e del, — „„ 0nattib 2 f it neon 

ö 001120019 vd aud 20 He 
Hence, o, 1: 0,05 :: „003: 001 5, the n by which ,004 muſt be de- 
creaſed, becauſe the decunals Sachse, r d n 2s 2 MF aaa 
g o 1 . = 
| +@T » 37 ; 


Againſt 61* under 30, 3 inches V Dec. — o 
— 62 n - cb . Des 00k. 


of, — — — Bo — a4 - © 4 ao we.4 — 
* „„ > 2. 02 
oe . ? 9 — 
92 0 — : : 4 4 


+ IL - &S_— —_—4 x — 


Hence, 1: 2 2: „O02: „0016, 4 quantity by which ,004 muſt be increaſed, 
becauſe the decimals increaſe ;; conſequently the decimal corteſponding to tlie 
given altitudes of the barometer and thermometer is , of. Therefore the 
correction is —,0041 x 2. 46",8 (the mean refraction oy the * 3 


== * ; _—_— the * refrutvion i Is: A AER 925 2. n 2. 


A. 12! 13 Han no! } LOB 
34 58 F 0 + 1211 : ö ef 2 | 
[ i 0 , 1 a - p , 1 
=y | | TA BLE XV.  THISCNOTRYT ee: I nt 3 7 


Contains the Augmentation of the horizontal Diameter of the Moon for any” 
apparent Altitude. 


* 


Arun Enter the horizontal line at the top with the moon's horizontal 
diameter, and the firſt perpendicular line with the apparent altitude, and 
againſt them you have the augmentation required. If the diameter be not 


. in the Table, the wenden aut by "as ag; PrAPorhanm. 4408 


bab ORIEL einne Hi 2d; 51 126. 
| _ | 0 
n im f N ust 01 Nai (Nis! 
4 . — 
— 4 . F 1 ” 1 
& * 4 5 {tf #4 z - 
| {Vt 
_ ExAMPLE. 
$ 1 
1 . 1 , 


THB VE OP- THE jTABLES. 


ExAMPLE. If the horizontal diameter of the moon be 29” 387 and the 
apparent altitude 536. 32“, what is it's diameter? 


At 29“ 30“ diameter, and 365 arp. alt. e- 25 „ 1 1.90 


29. 50 —_ — = - _ —— — 23, 9 
Du! + Tf 10 Ore—_— as 5 290 11 ; mT} 7197 127 — 
i " 6 4 


A 


$ 


ag! 9298 { * „ | Ya > vhs > 
Hence, 20“: 8“ 5 Y & 2 the increaſe for 8”. of Ro neee 
E 8 N, * - F 73 — ; 
At 29/. 30“ diameter, and 56˙ app. alt. - - augment, 23”,4 
18 i 46's 4 # 1 37 N D 'Y 5 A AT 235 6 
uni A 1 K : T 3 "3 \ BY) N 0 O, 2 
— * 


Hlences 17 u g : : o”,1 the increaſe for 827 Therefore 2374 
2+0",1=23%5 the augmentation badi. N nen 290 28 ＋23 75 


30 the diameter required. 21 17 vii JT C2991) . 1111 21 13103 D 1 e818 


+3321; 5 
* 


— 0 4 
1 T AB LE XV I. HS 14 42S {1 K d « 193 . 45 * 5 


bomann te mean Pretſſo o# F the Rguinoctial Points for Years ; in which/ you 
have the Number of Years in ole Columm, and the Prereſſion itt another againſt them. 


Nur. If che number of years be found in the Table, you have the pre- 
ceſſion required. But if 5 of Joann! iba: not in the Table, divide it 


into ſuch parts as can be found 
EXAMPLE. What is the mean preceſſion in 3247 years? 
: - Years: 
„ e s 4.03, 11 Precebe 4“. 57. 29 os inn 
200 . - - 2. 47. 49,9 
Mean preceſſſorn 43. 24. 46, 3 * 


—— 


#48 


— 


van vn. or rux TABLES. 


4 . 


Contain the mean Precefion for every Day of the Tear, including the ſolar Equation. 


Ruiz; Enter with the month above, and the a of the Sith on the ſide, 
and againſt them you have the preceſſion ; obſerving the rule for leap-year. 


EXAMPLE. The preceſſion. for January 19, in the year 1796 (being leap- 
year), „ 


. 
* ££ 5 1 f . * : Ss * A 5 "wy J 2 
of 4 * 1 — * 4 ? S 1 1 1 4 * {8 * LF E 
a 
« ” 


E oo —mEnErs 
"ES 8 my —— | : 
Y Contains the Equation of the Equinoxes in Longitude. 


- Rz. © Enter with the longitude "of the - moon's aſcending. node 
Tz. XXXI. XXXII.), the figns above or below; and: the degrees on one 


ſide, and n thereto you have the equation, to be applied according 
to the ſign. 


— 


EXAMPLE. What is the Ae July 19, 1796? 


The place of the moon's. aſcending. node is 3“, 9˙— 59 ang, the « near 
plc to which you. find 176 the equation xequired... 1. 

The mean longitude 'of 2 ar: ſettled to ſome epoch, in to be corrected by 
the mean preceſſion and equation of the equinoxes; and to. this we. * 
the correction of aberration, we get the true longitude. 


EROTIC 4 


ant TAE ie Tie: 1 1 117 
TABLE XIX. | 
Contains the mean Mile 7 the Sun in A e 70 e 2 in tlie 7 ear. 


5 - % 


Rus. Egter with” -the month at the head, and day of 55 month at the 
ſide, and correlponding to them yqu have the mean motion. 


* oe 


Ltd 2 


T 1 | EXAMPLE. 
- Kad Al 1 


OP 


THE: USE or TAE TABLES, 
ExAMPLE. What is the mean motion of the ſun in right aſcenſion. on 
February 16, 1796? e 


This being leap- year, we muſt take out for the preceding day ; hence, the 
mean motion in right aſcenſion 1 is 3h. 1, an”, 5: 


* va Det 3376 | TEES £274 0) 
'T A B L E xx. pg 
Contains the x mean \ Motion o the Sun in Right Aſernfon, corr 2 to Fidere 
Time, for Hours and Minutes. | 


Ruiz. Enter the columns under ſidereal time with the hours and minutes, 
and againſt them you have the mean motion of the ſun in right aſcenſion. 


ExAur TIR. What is the mean motion in right aſcenſion for 174. 48', 
fidereal time? v4” 


* — — „„ 400 


Mean motion in right aſcenſion 1 54. 96 


TABLE XXI. 
Contains the Equation of the E quinoxes, in Degrees, in Right Aſcenſion. | 
Rur. Enter the Table with the longitude of the moon's aſcending node 


(TAB. XXXI. XXXII.) the ſigns at the top or bottom, and the degrees on. 
the ſide, and correfponding to them you have the equation required. 


Ex Aur TE. What is the equation of the equinoxes in right aſcenſion on: 
July 19, 7907 l 


The place of the moon's aſcending node is 9*. 9e. 59 . "wit the neareſt: 
place to which you find — 16% 1 the equation required. 


w—__— * 


TABLE. 
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1424 
99441 7 


& Mo © * 5 , 
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1 1 


54417 oof 


il 4 > of 


91 


i gol 


i HOH 1611 by at! 2 lo wizorrt nm 54; 
TABLE XXII. 
Ts itholyame as rhe aft; only ale quantity.is . in ing. > ei. 
. 1 4 | wy £8 749 #% 


"The 8 motion of the equinoctial points being diſturbed by the nuta- 


tion of the earth's axis, the true equinox will differ from the equinox com- 


puted according to the mean motion, by which the true right aſcenſion of all 


the ſtars will be affected. The two laſt Tables exhibit only part of this effect, 


except for thoft flats which are in' che equator; tho other part, called the 


9 ( 1043 ), is found from'the next . W 


Ft og * 4 4 
* © . #-< s 


W ey! L E T 


arge r "71143 \ 173630 Per (91s; 


© find the Deviation of # Star in Nanu a ave, and in Right dee. 


01. 


Ruf E. Enter with the right aſcenſion at the top, and the tas of the 
moon's node in the firſt column on the left, and againſt them you have 
the deviation. If the right aſcenfioh be not wand 1 the Table, the deviation 


muſt be found by proportion. 


ExamPLE. What is the deviation of à ſtar in north polar diſtance, it's 
and the LEATE of the 


right aſcenſion being, 2 2 & 8 305 I * , 


3˙. J. 407 
For A. R. oy and long. 5 * 0 I ns the deviation is 1 1%45 
. . 6 22. | | 
ramps ; 5 1 Tis a 


. — 
"O14 198, _ 1 


— 


n, 5 4. 300: 


For the Deviation i in N orth Polar Diſtance. 


J 


19 } adn J& 4 


moon's node 


- * — 

» 1 —— * TY 
A. d enn.) 
p. „neee 


+6 5583 


o, 62 


— 


: o” 62: 0˙,31 to be . as the deviation Jevtbale.. 


"For AR. 2. {Fad long: H 's 8 F Wa, the deviation i is +r" 45 : 


_ 
—_— 7 ”—_ — „ m—_ 
OY 
8 


al 


— 3. 10 = 


= +2, 26 


— 
o, 81 


Hence, 


THE usz OF THE , FABLES. 


Hence; 5* : 2*. 40':: O81: 0% 43 to be added, as the deviation increaſes ; 3 
therefore the deviation in north polar diſtance is 4 1,45 — 0,31 ode bo = 
clogs | E 


al Adee 4 
Com W. AA NAU NN * 


1 


For TY Tata In RIM Aſrenfon. 22 


RTE. Add z ſigus to the ſtar's right àſbenſion, if it's \declination be north;. 
or ſubtract, if ſouth ; and with this, as a new right aſcenſton, find the equation 
from the Table as before, and multiply it by the tangent of the declination ;. 
and if the ſtar's right aſcenſion, thus corrected by 3 figns, and the longitude 


of the moon's node, are both more, or both leſs than 6 ſigns, uſe the 


algebraic ſign of the Table but if one be more, and the other leſs than 6 ſigns, 
change the ſign of the Table. 


, 
A 
5 


| EXAMBLE it the right aſcenſion of a ſtar be 2 27%. 300% 19”, and decli- 
nation 37. 28. 39” N. what is it's deviation in right aſcenſion, the longitude: 


of the moon's node being 3*. )'. 40'? 


The ſtar's We aſcenſion, inereaſed by 3 figes, becomes 7 27 30 ; _ 


F 


For 5. 25 4. R. and long, 55 a 3˙ 5 the deviation. -6'g9. 


5. — 25 en 
| 1 
O0. 5 : | | 0, 10 


1 


Hence, 5˙ 2“. 30'. 19“ :: 01: 0,05, which is to be added to 6”,99,. as 


the deviation is e 


For 5 2.5 1 R. * long. » 5 8 8 3˙. * » the deviation is — 6 99 


— a | * To 10 ” — — 6, 83 
; A by ; | i. — | \ — 
1 ie: 6 0, 16 

— 


aa Oe. W 


Hence, 5*: 2. 400 :: 016: o, og, which is to be ſubtracted from 6”,99 ; 
therefore —6˙99 — o",05 ＋ o = —6",953 and this multiplied by 0,766 
(tang. of dec.) gives — 532 the deviation in meme aſcenſion, 


This Table Dr. MASKELYNE gave with BY Obſervations for 796. 


e V TABLE 
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a #* 2 + £44 , % 3 2422 : 
THE VIE OF THE TABLES. 
fy 2 Þ | 01 | 
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5 8 Wore 8 5 1 24 TABLE XXIV. 111 
Contains the Time in which Light moves over any Part or Multiple of the mean 
Radius of the Earth's On, Suppoſed to be Unity. 


Rur k. Enter with the given diſtance in the column of Parts of Orbis Magus, 
and againſt it you have the time: 
S375 200M) 


| E e 5 How: long: wil bear be in moving over o, 84 of the earth's 
"bind c A* Oo 5159 ; 10 iN 


a . | G & 4 6 a " £ | 
SC. : , p f p . * 1 3 , * 
| 578 * * * 60. 19,9 '3 
5004 ® 2 9 O0. I, 9 
— nel — 
IF 5 7. Kr * | bd 7 » . FA | 4 4 | 4 F : pe HY 
* b 4 4 4 r 2 * * 1 7784 » © pa : * * : - 6. 21, 8 Time. P 
3:16 461 <9 9 ot 1654 | L | 


TABLE XXV. hh. 


Contains the N onagefimal Darin of the Ecliptic, and it's Altitude, for the Latitude 
of Greenwich, reduced (173) to the Earth's Center, Suppoſed fo be ES 14. 7, 
rd the Obliquity of the Ecliptic 230. 28. 455 


Rur z. Enter with the right aſcenſion of the e and 1 avainſ it you 
have the nonageſimal degree, and it's altitude. If the right aſcenſion be not 
found in the Table, the required quantities muſt be One: Wy g ee lee 

EXAMPLE. If the right aſcenſion of the meridian be 37 17. 300, what is 
the nonageſimal ne and it's altitude? py 


AR. Mer. 375 ——— nonag, * 15. 220. . 20” 


NE: 2 2 — — 1. 23. 23. 20 
1 | 42. © | 
— 1 a 7 @ 1 : — 8 32 
Hence, 1*: : 175 309” :: 42: 1“. 15“, which added . 17. 28%. 41 * gives 


* F 4 


17. 225. 53“, 35" the ae e. . 


— 


A. R. Mer. 


8 


. 


tHE'USE or THE TABLES, 
A R. Mer, 335 ́ alt. nonag. 55% 353 of -1 


38 - — — 53. 49. 30 
* "i 
| — 
; 1 - , . x : © 1 0 N 
FFF r 
= N * 
— * #113 C7 + 148 ; N 


1 


Hence, 1*: Ty 30% :: 14. 20” : Wh 14 wh To, to. * 355 00 gives 


55* 39“, 14" the altitude of the nonagefimal _ 


TABLE XXV 
Contain ard re ere to be applied to the laſt Table, fer "the Latinde 1 one Degree 
5 3 2 north 6 1 >» 4 FE 23 AQ 


Krk. Enter with the aki aſcenſion of the mid: heaven. and you have 
the corrections required. If the right aſcenſion be not in the Table, the cor- 


rections muſt be found by proportion. If the latitude be not one 3 
that of Greenwich, ne the IN ſound 4 in proportion. 

1 ON the laft e what i is neben degrees W 8 
altitude, for a ren 200 _—— of jy rene 


1 Mengen 30? N Hob G "xy 
A. R. id e 305%; * for 5 * . 9 654,3 
— F —ͤ—ͤ— a — . . -26,0- — 5579 
”* 111: &-————= 356 
$324 bf 04 401 ene 38 30! 
Hence, Tt 7*˙ 17. 30% 2420 (125 "th ent 676 the nona- 
| | 4,19 Aeon 10 
ſes _ and alte, vor. 1 = change of ig. therefore . ed." b | 
10 „ (15) 65850 vel 1.40 roms?! 
1517 o, 39 


the reſpective corre&ions for 20“ change of latitude ; hence, 31',4= 1,312 
30” ,09 = 30. F the correction for the nonageſimal degree; and 54 3 +0539 
= 54,69 = 54. 41” the correction for the altitude. Therefore 1*. 229. 53“. 35” 
13%. err. 235 23. 40“ the nonageſimal degree; and 55˙. 39%. 14” 54. 41” 
= 54*. 44. 33“ it's altitude. 


vor. II. LI If 


44 


450 


% 


| 
| 
i 
|; 
- 4 
4 
[ 


THE 


If the guss 10 to the ſouth of Greenwich, » apply the cortections with a 


contrary ſign. of 5 158 


ho _ 


The calculigiod 'of parallaxes by the nonageſimal degree and it's altitude, 
being generally uſeq"in computing ſolar eclipſes, and occultations of the fixed 
ſtars and AN * the moon, theſe two. * ables will vs very _ for that 


* , 5 5 Ce $ 1 


* 745 N 


purpoſe. 


| TAL E xxyn. 
Contaius the Angle between the Ecliptic and a Parallel to the Eguator, o the 
Obliquity 23*. 28“; with the Variation for 10” 


Rut. Lines with the ſun's declination, and you have the, required; angle. 
Ifethe dechihation bei not folind in the Table, you muſt, find the ew by 


10112. 


proportion! 370 Jon hi 


1401) 16 494 ui Sect 22111 


177. 200 declin. 
f 117. 40 — 


* 1 © 9 — — . CC ꝗ—— — —— — 
——— — 20 —— RG 24. 10 
{FE Bro N 07,” _—_ 
Hence, 20 22“. 10“: 11“. 5“, which ſubtracted from 16˙. 4. 8” leaves 


1556313 11 hah Angle at a 


point for 10” of variation o 


_ required. 


24 


= * .Qc © * : * 


1 qbliguity 1 


USE OF. THE TABLES. 


„ -/ 


* 
Y . 
* 
* » 


Variation of the Obliquity. 


4 | 
«i öl 


e _— | 


tte to Anon os lg 6 10 bun, 
the angle is 16%. 4. 8” 


9 106 285 4lt 86 A. N 


_ m 


F. 


f the/oblihui 


18. 1 %; 


6 2411 TEIN 15 $* OS: 10 15 
EXAMPLE. What i is the angle Ras the ecliptic and a parallel to the 
ctfaators nn . is 17. 30, and the obliquity 235. 27%. 5 


& 3 


Now. the yariation at thi 


Hence, the varlatiôfl fo 


5” is 6, which iſubtracted i from) pg. 93“. gicleaves; 115% 62. 55% 4 for the 
If the obliquity had been taken greater than 23. 28', the 


correction muſt have been 0 9 
on V 7241 +0 C. \ ® « Jon — . C 
1 ' % * * — — » 
CEO). 
4 
0 \ . 2 * =o P 7 . \ . 
— A 1 ” 4% « y* "KLE * 17 g 7 e * 1 ky 91 41 = — , l 
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THE VSE OF THE TABLES. 


TABLE XXVII. 


Contains the Angle f Poſition of any. Point of the \Ezliptic, according. to the Oblighity. 
23% 28'; with the Variation for the Variation of the\ Ecliptic by one Minute. 


Ruiz. Enter with the longitude of the given point of the, ecliptie. and 
you have the angle required. If che-longitude be not found in Ihe 1 
the angle muſt be found by proportion... 


— 110 wi 


'S 
ExamMPle. What is the angle of poſition of that point of the ecliptic, 


r 1 2. 10˙f 30. 10% for the obliquity 23 "ey HATHA X- 


K 
' 8 2 
Ft 


+: 14h 2 . 718 £1511! 30 * $113 76 2 184 10 bi 21-700 orl3 25 
Long. 2*. 10. — ang. of poſe; 8 . 26“ 43” a, 
2. II - —Uü—U— — . 8. 2. 40, 8 
G. - . e 
- — e "wy — 92 - * — RON... A fb 
— 5 17 . — . 


- yg. ©. 
* 


Hence, 1“: 300 1s” 1 24. 29 : 12“, %, f, which ſubtracted from 89. 26. 
43 "7 1 8ů. 16. L the angle of e 


7 #7 1 28 6 þ 0 15 . $ — s + — — * 4 
N 4 0 3 - #0 k k o 6 > FS 4 . 1 899 71 5. * \ 2 8 — CY 4 ' # © 4 — 2291101 


The variation of 5 angle of poſition for one minute of variation 50 obliquity, 
to this longitude, is 23.2; and the variation for any quantity leſs than one 
minute will he ꝓroportionably leſs ; and this variation 18 to be added to, or 
ſubtracted from. the-angle-of poſition found for the obliquity 2 Lade accord- 
ing as the vbliquity 1 is greater or leſs than that quantity. | . 


f 


ExAMPLE. Let every thing be as before, except that the obhquity 1s 
23*. 27. 30”, Here the variation being half a minute, the correſponding 
variation of the angle of poſition is half 23“, 2, or 71%; 6, which ſubtracted 
from 12. „%% 5 gives 11”. 55% and this ſubrracted froth * £26. 45%) m_ 


8˙5 14.477758 for the angle of poſition. ve T0 

teils to tu 21 : r Silenen 20 to f. AT Bil wot HT 

21 10 hoi hi ph. EIIX NIX. Pac tb 20 
f & £ s 1 


Is to find the Angle of Paſtion, having given the Right Aſecnfion. © 


The computation from this Table is exactly the ſame as from the laſt, onl 
pu enter with the right aſcenſion inſtead of the longitude. 
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THE USE OF /THE TABLES, 


TABLE XXX, 


Caan rde e of the Angle f Peſttion of a. Point in the alfa een 
A © Latitude of the Zodiara Stars. n 4 


RUuIE. Enter with the — of poſition; already found, at the fide, and 


the ſtar's latitude at the top, and you get the cotrection to be added. If the 
angle of poſition be not found in the oy «the correction mult be found 


k 


* Ke ü | 
0 115 1 
EXAMPLE, wa the laſt 8 Re che lars longirade 0 the hath 
as the longitude of the point of the ecliptic there Even, and it's cone 3*. 2003 
ro find the oye of poſitive. 1 
——— 12 0 "I 
3 angle poſt. and 3˙. 0 lat. ccrorrect. is O. 39“, 
—— 3. 30 — bh MOON on e 
ar kr: 
; 3 I 
qa 0:; ahhh 3} x Ae g bob 0 
| $4! Mi e N 
Hence, © 2 14 3. 9, 8 the firſt part a the r to be added 
10 F. TR Jo nic no 10 10 uite i N An 369 Jes ric ie 4k 
SHO i Edel ne wot enn of pt. 634510 @ ene ide 15 
TO 3) | P ange poſt: and 91 la” Deu: | correct. corp? _— y SUR TY 
57090 9 1 . nfo: Oren) 7 4 22 8 11 
I | 77 1 
5 * ef "£1 72 70 22D "da 717. 825 : 


4 yipite ach 2 29445 dined 22 20 Al 
Statt 2b 211. a1 Dad tf eint gc 
Here z.; 14,476 1 1. 2 1 173 the fecond: part of the n to be 
added to O. 39",75 the angle 5 potion is 8*. 14. bids 8 . 57 
+9 "8+ ow 15. 366 11051 tl 201-49! 1 

/ The four laſt Tables are of oh in calculating the parallaxes in ſolar eclipſes, 
and occultations of fixed ſtars and planets by the'moon, by the method of the 


parallactic angle. 
* * * * 0 . * * * 7 - - * 
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THE USE OP THE TABLES, 


| "TABLE 'XXXI. 


Contains the Epocks of the mean Longitude of the Moor's s aſcending Node, for the 
| Beginning of each Tear. 


— 


- 


Rur. Enter with the epoch, and againſt it you have the mean longitude. 


The: epoch of the mean longitude of the moon's aſgending node for the 
beginning of 1784, is 117. 12%. 40“; being the longitude of the node at that 
time, if it's motion had been uniform. The epoch is put down to the neareſt 
minute, that being ſufficiently accurate for the purpoſes here wanted. 


TABLE XXXII. | 
Contains the mean retrograde Motion of the Node, for every Day of the Year. 


RvLs. Enter with the month at the top, and day of the month at the fide, 
and againſt them you have the motion required; which being ſubtra&ed from 
the epoch for the year, gives the mean place of the node ſufficiently accurate 
for the purpoſe of taking out all the equations relating to the nutation of the 


earth's axis. 


EXAMPLE. To find the mean place of the node on November 26, we 


The epoch for 1799 is e 35 
Ret. mot. for Nov. 26, - _ 27. 2] 

5 | j — * 
Mean place of the node- 


TABLE XXXII. 


Shows the Decreaſe, by Refraction, of the Diameters of the Sun or Moon which are 


inclined to the Horizon; upon ſuppoſition that the apparent Diameter i is 3 o', If the 
. be not 30', the Decreaſe will vary accordingly. 


ns. Enter with the ſun's or moon's altitude at the top, and with the 1n- 
clination of the diameter at the fide, making proportion if you do not find the 
exact quantities, and you get the decreaſe for 30 diameter z and the decreaſe 
for any other diameter will be in proportion to the diameter. 
eka EXAMPLE, . 


F \ 
8 4 I &4S &aS 


454 
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THE USE OF THE TABLES 


EXAMPLE, If the apparent diameter of the moon be 32 what is the de- 
creaſe of that diameter which is inclined 32? to the horizon, at an altitude of 
x 53 


bh 


At 16* alt. at an inclin. 30% the decreaſe is 1,6 


33 12 nk —- 1,9 
3 o, 3 


— — 


1 p { j 7 


Hence, 3˙: 2 :: 0% 3 0˙2; therefore 1 6 Ko- 21 758 is the decreaſe for 
the inclination 325, and altityd> 16%. 


D i ; 297101 12 
At 169 alt. at an inclin. 30*, the decreaſe i is 1,6 
1 — * —_— * Y * 4. 
2 | 2 I 


o " 
. 
. 
. 
* nne 
% 


Hence, 2* : 1 2932016; PREY "Bl the LENS decreaſe. i is I "8 - "1 55 
2165 the diminution for a diameter of 30/; hence, 300: 32 1765: 1 77 
the decreaſe required. | 


» 


ZTKE- © i; : 
TABLE -XXXIV. -: :.- .- | 
1 for reducing Aidereal to mean ſolar Time. 


RULE. Subtract the numbers found in the Table correſponding to the 
given ſidereal time, from that time, and it reduces it to mean ſolar time, 


EXAMPLE. Reduce 174. 19“. 23” ſidereal time, into mean ſolar time. 


174. _ * _ 1 - : 2). 47",10 
_ k 3 Rs * 5 
Bde. nf reren n i 
20 55 eee NAN vo Pet Dep Op 05 DT 
N ts Zin EN LS 
F | „ rt ER:- 
| | 27. 19. 23 
© Mean ſolar tim 


| . 17. 16. 32, 73 


| J 
— 


„ 


TABLE 


Rol x. Add the numbers found in the Table correſponding to the given 


THE USE OF THE TABLES, 


TABLE XXXV. 
Is for reducing mean folar Time into eng Time. 


mean ſolar time, to that time, and it reduces it to ſidereal time. 


Ex APL E. Reduce 114. 37. 49“ mean ſolar time, to ſidereal time. 


5 - f 
1 


1 to fud the Semidiameter Y the Sun, and is ien Mation. 


aft iner. With the mean. an of the fans enter with the ſigns at the top 
or bottom, and degrees on the ſide, and correſponding to them you have the 


If you do not find the exact mean 6 the required 
8 ies muſt be found by. proportion. | 


required quantities. 


EXAMPLE. Loet the mean anomaly of the fan be: 9. 14%. 20'; to find it's 


11h. CVVT... 
8 * - - 0. 4-07 
4 - 75 jel - O. 1, 15 
40” 8 „„ hy wi 
r A 2 o, o2 
| 2b 63 

Y 115. 37.49 4 

Sidercal time - - 11. 39. 43) 63 


— 
Th . 


11. 2 


TABLE XXXVI. wal aaviy 4, 


ſemidiameter, and horary motion. 


Mean anom. 9*. 14* gives the ſemidiameter 15'. 57,23 


— 


— „ % _— „ 


— 4 1 


1 . „„ 


„ — 4. — 


— — — 
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THR VSR or THE TABLRS, 


Hence, 1*: 20' :: 0,27 : 0,09 ; therefore the ſemidiameter = 1 5 3723 — 
9% 15. 5714. 


Mean anom. 9. 14 gives the horary motion 2026,56 


W GAO Rey = 2. 26, 47 
5 ITY ek 8 hh, te og * 
Hence, 1* : oog: O,; therefore the horary motion i is 2. 26" 56 — 


0,03 = 29 16453 


TABLE XXXVII. 


Contains tht Rout of the Ecliptic fo the Equator, or the FRG to be applied 
to the Longitude of any Point of the Ecliptic, to grve t, the Right Aſcenſion. This Table 
is for the Obliquity 2.3*. 28'. 15"; but there is the Correction to be applied for the 


Variation of the ens of one Minute. 


RuLEs. Wirh che gixen ities enter the Table, 4 take out the re- 
duction; and if the longitude be not found, take the neareſt leſs (L), with 
the difference, and the variation. Then proportion for the difference between 
that and the given longitude, the difference taken out anſwering to a variation 


of 3o' of longitude, and apply the reſult to L. Alſo, 60” : var. :: the dif- 


ference between 23˙. 28'. 15” and the given obliquity : a bas number, 
which added to the ne above found, or Le from it, according 


as the obliquity is greater or laſt than 2 * 28˙. 1 5 you have the true OO. 
to be appli according tothe in. 0 


8 Let the ſun- 8 e be 1˙. 11“. 2 4 weis. ** Ko ad 
23% 28 7's z to Ls an . aſcenſion. 


Per 1% 11* % % % - = Reduction 2˙. 2 5. 566 SIR. 
1 8 Difference 26, 6 
variation . 12,7 


Hence, 300: 1 10,3 :: 26",6 : 22",3, which added to 2% 2.5". 56”,6 (as the 
reduction is s increqſog) gives * 26.1 18",9. 


Again, 


| TAE USE or THE TABLES, 
Again, 60“: 12% :: 8: 15 %%, which ſabtrafted from 2*, 26“ wg leaves 


2%. 26.1% 2 the true reduction. Hence, 1*. 141*. 25“. 10%3 — 2% 26. 17 2 


=1*. Un 58. 53" 1 the true right aſcenſion. 


By means of this Table, we may find the longitude from the . ee 
by the following 


Rvts. | Increaſe thi right aſeenion by 3 figns, and find the reduction in 
the very ſame manner as above, and apply 1 it to the right aſcenſion . 
to the ſign, and you get the longitude. 


Kmp. If the given obliquity be 237. 28. 7”, and the right aſcenſion 


1 . 5F, 33 , 3 ſigns to this, and it becomes 45. 8˙. 58. 53,1; and 
with this the reduction is 2. 26. 19”, with the variation 12,9. Hence, 
60” : 12% :: 8“: 1%, which ſubtracted 2 2. 260 197 leaves 25. 26,133 


and this added to 1*. Ly 58", 53",1 gs 1*. 11*. 85. 10%. 


The reaſon of this operation is, that when you' increaſe ths viche enen 


by 3 ſigns, the difference of right aſcenſion and longitude continues the ſame, 


that being now greater which before was leſs of the two. If therefore we con- 


ſider the right aſcenſion increaſed by 3 ſigns as the longitude, it muſt give the 
true reduction. £58 


TABLE xxxvill. 


Contains the Declination of the Points of the Ecliptic to the Equator, when the 
Longitude and Obliquity are given. 


RuLE. The operation is exactly the ſame 28 in the laſt Table. 


EXAMPLE. Let the longitude be 10. 11. 25. 10“ 3, and the obliquity 
23*. 280. 7"; to find the declination. 


For 1“, 11 long. Declination 15%. 8. 492 
Difference 9. 18, 6 
Variation $7, 7 


Hence, 30“: 25. 10",3 :: 9. 185 F 7. 48”,7, which added to 15% 8. 49/2 
gives 15% 16'. 379. 
Vol. II. Fo M MM | Again, 


457 


458 THE USB OF THE TABLES, 


Again, 60“: 3 :: 8“: 5%, an, ſubtracted from 1 55 160% 379 leaves 
1. 16 * 9 the declination. hes | bs Wo. ON: 


\ 


. By : means of this Table, + we pany find the longitude from the declination. 8 
1 © xo the T able 2 4 the de e and takes r 3 3 

chen ſay, 60” : var. :: the difference between the given obliquity and 23*. 28“ 

15“ : a fourth Aube which ſubtraf from, or add to the Dee declination, 


according as the obliquity is greater or læſ than 23%. 28“. 15", and the reſult is 
2 the declination ſuch as it would be if the obliquity was. 23*. 28, aan: 
with this declination, enter the — again, and, * making a n. 90 


get the gude, 


Dries. On May I, 1 86; the fun's declination was To 16. a 2 N. 
and the obliquity was 2 3* 28“, 7", to find the . 


Correſponding to this declination, the variation is 37 „5 hence, 60” : 39" Y 
:: 8 :-5", which added to 1 5. 16“, 34”,2 gives 15%. 16. 39% 2, the declination 
| . if the obliquity bad been 23% 28“. 15”. Now the difference of declination in - 
3 | the Table is 9, 186, and the difference between 157. 16, 39”,2 An the next 
leſs declination is 7, 50” ;, hence, g', 1 18”, 6 7. 50:10 22 5, 14,5, which 
added to 1*. 11, or ſubtracted from 4*. 1 15, each of which longitudes correſ- 
en to the declination 1 5*. 8“. 49 „2 the next leſs than 152. 16. 39”,2, gives 
17. 115. 25. 14,5 and . 18“, 324. 45 ',5 for the longitudes correſponding to 
the given declination ; but it being i in May, the firſt muſt be the true one. 


F. or che utmoſt accuracy, we ought to interpolate. 
Wee e by 15 1 1% r 


TABLE XXXIX. 


Contains. the. Equation , of Second Difference, for the Purpoſe of Interpolation, in 
various Caſes ebecling the planetary Motions. TE $3 


RuLE. Take the two preceding and two followitg' ee! of the wives 

quantity, and their equations, and find the ſecond differences, and if they be 

1 not equal, take their mean for the ſecond difference. Find the proportional 
part to be added to. or ſubtracted from the quantity immediately preceding, 

the given quantity, as in the preceding examples. Enter the Table with the. 

mean of the ſecond differences at the top, and with the niinute of argument 

| 1 „ eon 


— 


"THE vs z OP THE TARLES, 
on the ſide ®, and the correſponding number is the correction required; which 
ſubtrafted from the proportional part, if the firſt difference be incregſing, or 
added, if it be decreaſing, gives the proportional part corrected; which pro- 
perly applied to the equation TROY to the quantity, gives the correct 
equation. 


ExAurlz. To find the equation of the orbit of Mercury, correſponding to 
it's mean anomaly 3˙. 5. 26'. 37”. | 


| Mein of 2d Diff 


Mean An. | Equation. 4 aft Diff. I 2d Diff, 
- 7 4 li a 150 Sr | &. 11* 5 TR 
- | g f „„ , 
3. 6 23. 23. 51 x N | a i v8 . 
. 3· 7 N 23. 27. 16 0 : 8 | . 
Now 60“ . 37 1: 3. 48“: 1. 410 the proportional part, or the quantity 


which muſt 56 been added to 23. 200. 3“ if the equations had increaſed 


by equal differences, or if the ſecond differences had been equal to nothing. 


Enter the Table at the head with the mean of the ſecond differences 224”, 


and with 26'. 37“ at the fide, and you get 2”,8, which added to 1'. 41”, gives 
I'. 438 the proportional part corrected; and this added to 239. 
(becauſe the equation is increaſing) gives 23%. 21. 46, 8 the equation required. 


1 


In like manner you may find the value of any intermediate quantity, 


when the ſecond difference, and the argument, fall within the limits of the 
Table. | 5 


The argument is the quantity, correſponding to which you get the proportional part; er it is 
the ſecond term in the proportion uſed for that purpoſe. | 


2 O', 3 
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THE USE OF THE TABLES, 


LE. 


N 1 | TABLE XI. 


Contains the Equation of Second Difference, for computing the Moon's Place from the 
N N — Ephemeris. | 


— 


Rul ER. Take two latitudes or longitudes immediately "3 TS and two after 
the given time, and find the proportional part. Enter the Table with the 
mean of the ſecond differences of the moon's motion for 12 hours, whether in 
longitude or latitude, at the tap, and with the apparent time after noon or 
midnight at the fide, and the TOE number is the correction; which 
ſubtrafted from the proportional part, if the firſt difference increaſe, or added, 
if it decreaſe, gives the proportional part corrected ; which properly Tea to 
the equation, gives the correct eee 


To find the proportional Soo reduce the minutes and ſeconds of time, and 
of degrees, into decimals, by TABL Es III. and XLII. and add the logarithms 
of the ſecond. and third terms to 8, 9208188, the ar. co. of log. 12, and you 
have the log. of the proportional part. 


Lern To find the moon's e on July, 16, 205 # «6 
S300 or baba dai nfs Ss bin Hen 


* 


The given view is Wy 220 16” ee e r ic 5 


5 Moon's Long, | 1 Diff. | 2d Diff. | Mean of 
3 | „ 
July 16, noon. 1. 20% 29 * 34 #5 gh --3 5 r 4 . 

midnight] Oo. 6. 40. 25 | rr 4. | 3 28” . 360 
17, noon. o. 13. 47. 48 f „Ü 3 | 
midnight] o. 20. 51. 27 55 


Now 4h. 22. 16“ 4,39 111, 7% J. 23 ages; bedce, 


«KS: A\ 


12h — 15 co. ar. log. 8, 9208188 
4.391114 - - log. 0,6405917 
1 „112306 25 = Ig. o, 8526666 


2 


9 pa. 2,5946 = * 25. 41" = log. o, 4140771 


THE USE OF THE TABLES, 
Now with the ſecond difference 3“. 36% enter the top of the Table, and with 


4h. 22. 16“ enter the fide, and the correſponding number is 247, which added 
to 2%. 35. 41” gives 2˙. 360. 5" the proportional pare corrected. Hence, the 


moon's true longitude at the given time is of. 6. 40. 25” +22. 360. 5 O. ge. 
16% 30"; and this is as correct as the ITY from which it —— 


In like manner, the latitude of the moon ny be found at any time. 


Dr. MASKELYNE 15 ve the following remarks, reſpeBting the uſe « this 
Table. TE 2 | TC TT6 9 22% 


I. If the moon's latirule taken out the — S0 dd midnight 


changes it's denomination from north to ſouth or from ſouth to northꝭ the um 


of the two latitudes of contrary denominations, where the change - happens, is 
to be accounted the firſt cifference of thats place., 1 171 


os | 


„ l e nad then docints, "or hr WH 


firſt decreaſe and then increaſe, half the difference of the two ſecond differences 


1 


is to be taken. for he! mean ſecond difference. 00 | 12 


; If ther ſeries Gf. fore latitudes taken out ſhould fitſt inereaſe änd then 


decreaſe about the moon's greateſt latitudes, take the ſum of the two firſt dif- 
ferences ſtanding on each fide of the greateſt latitude for the ſecond difference 
in that place; correct the moon's latitude at noon or midnight by the imple 
proportional part firſt found; andto the latitudè ſo corrected, add always, in 
this caſe, the equation of of ſecond difference, anſwering, to the mean ſecond dif- 


SAWS £33 \ k 4d ID 4 12 INN 1 
fererices. 


* * o * * * 7 
, . TY „„ * 


* a g * = + s 
os 4, 7 R 7 12 ; - . * " 1 # $ + S® > . 5 — 4 
9 ö WUD 29) Is: of! — A | N S % f ' FTC * * 2 2 . # J FP 3 > 1 1 
» ks — 
F 


| | TABLE XL! ht 7 
Contain the Equation. of, Second Difference for int erpol, ating the Mou s.Diftance 


- 
cwnay 


from the Sun or Stars for every third Hour, from thoſe computed for Noon and 


Midnight in the Alice! E e. 


4 bo — 


RTR. T ae ber diſtances, two before and two after the given time, and 
take their ſecond differences. Enter the Table with the mean of the ſecond 
differences, and fubtra# the correſponding equation at 3, 6, or 9 hours from 
the quarter, half, or three quarters of the change of diſtance in 12 hours; or 
add it to the fame, according as the firſt difference is increa/ing or decreaſing, 


and you have the moon's change of diſtance in 3, 6, or 9 hours; which added 
AHA EL : to, 


FEW: SD oWp 
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THE USE. OR — ITABLE 13. 


ö 


to, or — dom the mo6n's-diſtinge. at the preceding noon ar midniglit, 
according as the diſtance, Increaſes or devreaſes, gives the moon s true A 


at 3» WP hours. * 1 3 417 'd +0 »2© 8500! 


"INE" | | | | K N eq 
0 17 ie 3 jr 5 171 


* 


9 


"oh * 


* 
- * 7 
„ 


* 


Kn . 0 deo diſhinee from = hos} 6D Dec. 2, £799; 


Ry Tn 
PT | 2d Diff, 


15 Diſtance. WI Dif 


Dec. 1, midnight | gxe 
Fg "EL a. a7; or” 6*. 28“. —_ 
Das ahh, TREND 48. 37, % | $1.22 88. 
midnight 68. 37, ro 6 1. „ 06. on ore 
3, noon. | |. ons 22. 5 Nan igen 


ite d 92 et 4001760! non) (61003 70 20021 


1 . en 2 RAY l alf 5 © bi. 1121 31 aer 


EK 


# -% 


Mean of 


8% pi DA een zu + 2d Diff. 


TY 


» 
4 


The quarter 2 af 6. 210 34 * 1 10 1 3 4 rfl 103. ge &! £3 


A RAR 72 , - - Jie * 37 


* 2 
. a a 12 8 * eK 41. t - * 
+ 0 * 5 1 7 ; wt * , 
| a N . # db $4 1.31 * 5 JI 833 * 3 | -i&# I * hs Me 


b d Uo! ee i905 F 


- 


2d Diſtance at noon 74. 68.144. 50 


1 
- 
* 
$i 2 1 0 


*%. 


iy 7 Diſtance required, io =: 29. 73 22. 44 


* — — 
5 . 9948 1 3 19 . 4 6 


£ ö 0 : W 3 . 2 
OC £317; ie ene. £ 12 
. 1 -% 1 1 C -e% 24 NY OB. p . : 43 a" 4 7 * 2 1 
v ? 5#4 2 f ws” we” 4 : s ww 4 941181 13 3 8 3110 182 3 3 ; 4 s FrET SET 
; K3CD! 77 T9. hour 3& en 2 LOUIE . * KECK IF 
i 


= 1 TA BLE XLII. 2p 1 1 N 
mals of a Hard, 


1 Ft D a 12007 
Contains the Minutes and Seconds of « a Degree, Caverted. into Deci 


RLE. Take out the decimals correſponding to the oo. minutes and 


ſeconds, and add them together. $4 


Exanyrs. Reduce 490 57 to the decimal ol a degtee. 


7 


5 0 1 
- — 501583 


Dew 


* 5832 50 | 


TABLE 


THE vs or THE "TNSE BS. 
„„ IS 0 161123 of 1 fol Had Bos 2:2 .vcol teu? 1.471 
W TABLE LI 


Contains the Equation to equal 4 Altitudes of the Sun, or the Quantity by which the 
middle Point of Time between the Times when the Sun had the fame Altitudes on 


the Morning and " re, dl ers fromthe Time when the Sup 20s * the 


Meridian. 4 % aan „ 4d & su guet afl: 130% noir 


80 


hath coding eee —— — 1 


e % en 6 5 b 
n 1 zin ny} og: 11509 ABU peine 


RULE. Take the half 3 * time between the two correſponding 
obſervations. | With the ſun's given longitude for, noon, and the. half interval, 


find, from TABLE I. the equation ; if che > longiroce and balf interval be not 


found in the Table, the equation muſt he found by proportion. Multiply this 
equation by the nal tangent of the latitude, radius being unity, and you 
get the firſt part of the equation, which is additive or ſubtractive, according as 


the ſign is + or, ; remembering that when the latitude is outh, the * of 


the Table muſt be changed. Mo TL os 


With the ſun's longitude, and half interval, find, in TasLE II. the equa- 
tion, by--making proportions if the given quantities be not found in the 


Table. 


* 


1 OM bad * » & 2 of - 
4 3 a a 5 22 e: ies * 


The ſum of « the e two equations, e 6.38 had to te 3 is ths 


equation required ; which applied, according to it's ſign, to the middle point 
of time between the two correſponding obſervations, gives © the Ls } by the 


watch when the ſun was wy the meridian; = 7 -*- 


| Top moments non ̃ — 212 - - — z — 


Ea Let the middle point of time between the correſponding ob- 
ſervations be 234. 59'. 217,13. by the watch; the half interval 24. 34. 523"; 


and the ſun's longitude 6*. 145. 367 to find the equation, and thence the time 
when the dan waa 8 tho end che latitude Wat 332. 56,8. and re 


x89. 23D, rb Et RR 
* — 6*. 10® * half lat. 2d, 30 - Guat: 18 +15 92 
—— — 2. 40 — 416, 08 
ad I” — — 
5 8 M o 084-0: 3 
: CY : 8 A | 10 : O, 16 


y * 2 * : S&6- g f 
# 4 * TOY a= . 5 + 


Hence, 100 4. 523 7 &, 16 : 0,08, which ns the equation increaſes) added 
to 15”,92 gives 16“ for bir equation when the longitude is &. 10% Again, 


- 


Tas. 


| 
| 
/ 
| 


= 
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J £ a * "I 


u var ar TRE als . Jo 
Tas. 1 Sun's long, 6˙. 15% and half int. 2. 300 equat. ba 5771 


- * 1 — Ll 
— _— —— 7. 40 — — +15 87 
2411 K k d 4 T1 £ . . 
—— — 
4 11918 an ae Wo 10. 4 vg) K A. - Mere 
. . % 
KK 77 4 ire 1 n AL wo roger th 2 SKK 121 


Elence 10˙: . I 0,16 2 of, 37 which added to 19 ½71 8 gives 1 79 79 for 
the equation when the longitude is 6*. 15%, The difference between this and 
16”, 88 ba noygy when the lun” 8 Re was 6“. 10, is 0 hes | 
. 4 11 FRLLE'S brave ak i at 81 

Flence, ge, #. 36 :'0%1 + 0,09; which fobtratcd! from is ed the 
equation decreaſes this way) gives 15,81 for the equation from TABLE I. 
And this multiplied by 0,6728, the nat. tang. of 33˙. 56, gives 16” 64 the 
firſt part of the equation, which! is fubtraftive, Becwu e the puts is fourth. | 


Ta. II. Sun's long, (i 10 and half 157. 30 equat. is — o“ 7 


# « 1 : '} 
— — —, 40 — . 
| 3 
— - ö Pg , * . 
% : 2 * F * py by = a 
. Bean e o 
J 3 
e ö a r 
7 , - 2 * y 

- » "IT p P 4 a 4 4 4 1 1 * * 4 — 
* 119144 171. 15 33 + 3 3 #4 + &+ © EY 2 SS . SS 3 — 1 4 ——— i 


Hence, 10': 4. 5230“ : 0 of: o”,o1, which ſubtracted from - 0” 87 (as the 
equation e Ae 0˙,86 _ the . OE the benen 6% 10ʃ. 


260 37411 | 
"Tas. II. Sur's long 6˙ 165 and half it ah 4 30 py is * 1729, 
4445 0 — 2. 40 . 
8 — — ——— 
f 6 141 a g 'T> - 7, 2 57 
| | 10 he L O, 03 


117 Ae. 5 $7 


Hina; 10': 4. 522 10 ee 0˙% or, which ſubtracted Gone: —1”,29 gives 
— 1% 28 for the equation when the ſun's longitude is 6˙. 1 5“. The difference 
between this and O', 86, the equation when the ſun's longitude was 6˙. 10˙, 


„„ * ft | F 2 © 
X 3 n . * * 


-  & = * A — % $1 if. 4 -& 2 
— q 


Hence, 5* : 4*. 36':: 042: of 39, which added to — 0,86 (becauſe the 
equation, increaſes this way) gives. — 1”,25 for the ſecond 3 of the equation; 
and the two parts added together (becauſe they are both ſubtractive) gives 
— 11",89. for. the whole, equation. This therefore ſubtracted from 234. 59“ 
21,13, gives 23h. 59, 9.24 for the time by the watch when the ſun was upon 
the meridian. 


1 | | Hence, 


THE USE OF THE TABLES. 


Hence, we may determine how much the watch was too faſt, or too Sw: 


Equation of time at noon at Greenwich was =12. 19", 3 


And 24h. : 1h. 14 (long. in time) :: 16%, 7} 


(daily dif. of equat.) : 7 1 


2 _— 


— —— — 


Equation of time at noon at the given place - — 12. 18, 5 


424 0 
Mean time of apparent noon - 23. 47. 41, 5 
Time of apparent noon by the watch - 23. 59. 9,2 
Watch too faſt for mean time TY” Fx 11. 27, 7 


— _ — 


TABLE XLIV. 
Contains at once the Equation to equal Altitudes, ſufficiently accurate for moſt Purpoſes. 
Rv k. With the latitude and interval between the obſervations at the head, 
and the declination at the fide, you get-the equation required. Whilſt the 
ſun moves from the tropic of Capricorn to the tropic of Cancer, the equation 
is to be ſubrracted from the middle point of time; and whilſt it moves from 
the tropic of Cancer to the tropic of Capricorn, it is to be added, in order to 
get the time of apparent noon by the watch. 


EXAMPLE. In latitude 51%. 32' N. when the ſun's declination was 20˙ S. 
on January 29, the interval of equal altitudes was found to be 5k. 10o', and 
the middle time by the watch was 124. 3'. 32”; to find the time of apparent 
noon by the watch. 


With the latitude gqq0 N. and 54. at * head (che neareſt to the given quan- 
tities), and declination 20 8. at the fide, you get the equation 13”, which is 
to be ſubtracted, becauſe the ſun was moving from the tropic of Capricorn to 
the tropic of Cancer; hence, 12h, 3” 19” is the time of _—_— noon by 


the watch. 


os Nu x TABLE 
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THE USE OF THE TABLES, 


TABLE XLV. 


Contains the Semi-diurnal Arcs of the heavenly Bodies Tr Detiination do not 
change, in Time; and therefore for all common Purpoſes, it will ſerve for the Sun. 


For the Sun, the arc gives the time of it's ſetting ; and if it be ſubtracted 
from 12 o'clock, you get the time of it's riſing. 


For a Star, add and ſubtract the equation to and from the time at which 
the ſtar paſſes the meridian (10 5) and you get the time * it's ing and 


renng. 


The Table is calculated for = arcs correſponding to the time when the 
center of the ſun appears in the horizon, the eye being at the ſurface of the 
earth; thereby taking 1 into > conhdergtion the effect of refraction. _- 


EXAMPLE. In latitude 52. 12', and dani of the ſun 23. 287; what 
is the time of 1 It's ning and Ong? | 


Lat. 52%, declin. 5 SE [> | RY arc 8*, 16' 


. — 1 8 oO, arc 8. 22 


4 * 
* 10 % 
, 1 of 
” _ 


Hence, 1* 12“ :: 60: 1' to be added to 84, 16. 


Þ 112 2 N | (23-57 1 3 
Lat. 52*, declin, f! r. 
= on 24 * - x. I arc 8. 24 
;O_ = — f j 
I 8 


"_— 1* : 28" 2: 8“: 4 to be added alſo to 84, 16, 


Therefore the ſemi-diurnal arc = =84. 1 601 1 * 285. 21 the time of Gaines, 
and 12h. = 8k, 21 = 38, 39' the time of riſing. 


TABLE 


THE USE OF THE TABLES, 


TABLE XLVI. 


I principally intended to find how long the Body of the Sun is in aſcending above 
the Horizon, or the Time between the upper and lower Limbs of the Sun touching 
the Horizon. 


12 


RurE. Enter with the declination at the top, and latitude at the fide, and 
you have the time which the fun is in aſcending 1 1% If the declination and 
latitude be not found in the Table, the time muſt be found by proportion. 
Then 1e: the diameter of the ſun :: that time : the time of it's riſing; or 
by logiſtic logarithms, log. of ſun's diameter. + log, of time found from the 
Tables = log. Wet time required. 


EXAMPLE, How long will the fun be! in riſing at cambridge on * I, 1799? 


Here the Jatitude 3 6 12, 5. and declination 22. &', and ſun's diameter 


31 38". : 
Lat. 52*, and declin. 21% - time for 1*is &. 4 
pins 53 — - . 8. 20 


I 


Hence, 1* : 125 :: 16” : 3“ to be added, for 12',5 of latitude. 
Lat. 52* and declin. 1e '- timefori*is 8“. 4 


—— 24 1 8. 43 
* 3 * 40 


Hence, 3˙: 601: 40“: 1“ to be added, for 6“ of declination. 
Therefore the time of rifiog: 1*is 8. 4" +3" +1" = 8. 8”. Hence, 


Log. 31“. 38” - . - 2780 
Log. 8. 8 — 5 8679 


Log. 4. 17 time of riing - 1,1459 


N N N 2 | TABLE 
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THE USE OF. THE TABLES, 


TABL E XLVII. 
Contains the Amplitudes of the heavenly Bodies at the Time 7 their Riſing. 
RuLE. Enter with the declination at the head of the Table, and the lati- 


tude at the fide, and you have the amplitude, If the declination and latitude 
be not found in the Table, the amplitude muſt be found by Peri, 


ExAMPLE. If the declination of a ſtar be = 30, and the lairude v. 40. > 
what is the amplitude at it's riſing ? | ol ee 


Lat. 57, and declin. 17% the amplitude is 329. 28“ - 


B er. 
1 . TOTES PSS © 


- A * . % 
q py , 
a —— l y 
—— 
5 


Hence, 1: 20 2: 1* 1' : 200 to be 9 8 for 20“ of latitude. 


Lat. mo 5 e declin. 17, the amplitude 3 is 328. 28% 


3 — I. — 34 
. | 76 0 


| Hence, 1 *: 20 n 2. ha 1. 3 w by added, for 300 of declination. 


T herefore 32 28/4 20 +1%. 3 34%. 61 the 0 4 


If the Table be entered with the complement of aloe inſtead of the lati- 
tude, you will get the fun's altitude when on the prime vertical. This follows 
from hence, that if for the ſine of latitude in the proportion which gives the 
altitude, you put cof. lat. it gives the proportion for x Anding the . 
This will appear from Ae 89, 91. 4 


TABLE 


THE VSE OF THE TABLES. 


TABLE XEVIIE 


Is to find at any Time what Proportion the enlightened Part of the Face of the Moon, 
or Venus,' bears to the Aden. 1 


Rurk. Enter with the degrees at the top and on the firſt column for the 
moon, and at the bottom and laſt column for Venus, and correſponding to“ 
them you have the enlightened part, the whole face being repreſented by 12. 


chars. If the diſtance of the moon from the ſun be 137 5 18. what i is 
t's enlightened part? 


%% ern. - Ae part 10,388 
33 — — 10,458 
42 | | | 8 1 


222 —_— S + - 5 — © 
' 


Hence, 1* : 12“ :: FOR „0143; chierdfore the enlgirened part is 10,338 + 
,014=10,402, the whole being 12. 


" ExameLE. If the angle formed by two lines drawn from Venus to the 
earth and ſun be 50*, 20', what is it's enlightened part? 


Angle 50® - ; enlightened part 9,856 
VVV 9,776 
0 : 3 a 1 #1 FE ; 1 BY W ; : „080 


— 


C 


Hence, 1* : 20' :: "ods; 1027; therefor 9.8 56 m1 =o leg the enlightened 
part, the whole being bs” | 


- 


oo TABLE 


THE USE or THE TABLES. 


TABLE XLIX. 


bt to find the Hour- Augle of Jupiter frum the Meridian, when it is 8 above the 
Horixon, for the * of Greenwich. 8 


Rui k. Enter with Jupiter's declination in the column with that title, and 
againſt it you have the correſponding hour - angle. If the declination, be not 
R EI ERA E WEN Ap proportion: EA e n: 


ENA LE. If Jupiter's dechnatien be 22% 20% N. what is it's ep 
when it is go high? 


Declin. 22% 0 * It « 77 D 8 hour- angle is 70 I. 5 of 

2 * 22-30 —— 2 ® & — en net nr—_— 7* 4 41 
3 „„ 6 

— — — — ' . 


„ 4 -——- 


/ 


Hence, 30˙ : 200 172006 ar * V. 54's: therefor we. TP Hpur-ange. is 
7. L. re Fung. 44”. «01 


* * Fe 1 * } a 5 7 
= * 2 o 5 7 P e 10 : 
* . 1 7 * 43 - 4 g 13 * 5 1 


n e e Pax od ac). hen 
431433 A 4 EL IÞ WD 


Is to fad the nee / the Sun, when it is 8* below the Horizon, for the 
Latitude of Greenwich. 


„1 — 


at | Enter with the ſun's declination in the column with that title, and 
againſt it you have the hour-angle. If the declination be not found in the 
Table, the 2 muſt be found by een. 


7 


anerk. If the * 8 a be 185 1 5 S. what Is. it's hourangle, 
when it is 8* below the horizon ? 


Declin. 18%. ff - hour: angle is 5". 20. 6” 
| F 18 30 — — . 17. 26 
30 rae 40 


— A — 
» 


Hence, 


THE USE OF THE TARLES. 


Hence, 30“: 15 tt Xe 40“ : 1 20"; therefore the required hour-angle 1 15 
5˙. 200. 6” — 15 20” = 8 6 Wi WW. 


1 


The uſe of the two. aft Tables is to find, vliettic? an eclipſe of Jupiter's 
ſatellites will be vilible t Greenwich, or on that parallel of latitude. For if 
at the time of an <clipk 
than that which the Table gives, and the hour-angle of the ſun be equal 
to, or leſs than that given Fo the. Table, the eclipſe will not be viſible ; if the 
former be equal to, or leſs, and the' latter equal — or greater than what the 


Tables give, "bs e will be viſible. 3 


on TABLE LI. 


Is a Table - Lili Logarithms, which were firſt employed by 9 Oy 
are nothing but tie common Logarithms ſubtri8ed from 4,5 363, which is the Log- 
rithm of 3600”, by which means tie I. brarithm of 3600˙ = 60') becomes nothing, 
and the Logatithm of 360 becomes 1,0000. For Numbers greater than 3600, the 
Logarithms would be negative, but enn up putting them down fo, t their Cara 
complements e down. + 64 7H. I 1 : ] «XA 


RuLE. If che firſt term be 60', or 3600”, add the logarithms of the ſecond 


and third terms together ; but if the ſum of the two laſt figures in the addition, 
the index excepted, be equal to or greater than 10, you are not to carry 1 to 
the index, and the ſum is the logarithm of the fourth term. If the ſecond 
term be 600, ſubtract the logarithm of the firſt term from the logarithm of the 
third, adding 3 to the index of the logarithm of the third, #, neceſſary „ and 
the remainder i i the en of- the und . *. 

is L Sit) 10 bre ; 
ExAnrL I I. What is a fourth proportional to 60', 6 i. 25 , 2 37. 41”? 


5 
8 


Wa - 106 9625 
37+. 41 IS - log. 2020 
Anſwer 41. 5 = - _ - log. 1645 


EXAMPLE. 


e, the hour-angle of Jupiter be equal to, or greater 


47 


— — ——— — — — — 


ru vsk or THE TABLES. : 
 ExAMPLE II. What! is a fourth en to 60, 1 1. 36“, and ns 28 


; . : > 
| x". 26" 5 1 1,5740 
; $74.38 (1{>5t 2: Ack log. 3357 
3% fit) , 7 71 1 
W ei Ih, 100 1 11 C wins bg 1,9107 ja 
1 


| Fxauoic 1 m. What! is a ours berg to 46-4 47”, 60, ud ye 28”? 


"__ eder ge Wy log: 5359 Ig wig” 
TW oleh. >... 
Anſwer 62. 27 7 1 = K | log. 9826 
Th "oc 3.2 


"Sew it was 3 to al 1 qo ＋ Aer of the RSA of the third 
term, or which | is the bow things to was e to the laſt Agnes 5. of os upper | 


line, | | Tees 4 Kerr | . 
. 2 


r ” * , * r . * * 7 
» - . 


ExXAMPLE IV. What is a fourth 1 to 90 19”, 605 end 84 of ? 


„ 1 1 
27½ 199 Jog. 3417 


0 - — — 7 4 8 p- a 
F OF | Ss * 4 — 4 3 5 © 49.9 1 f 
Anſwer 11. 19 — - . 
p Ss + Aa * ww > 1 
— vRe—==—o——nntd : 


N * 
. 


If the firſt term be 240. and the ſecond term be hours and minutes, and the 
third term be given in time, or be an arc, we may find a fourth proportional, 


by ri the hend oo ths Table to NO hours. 


7 . 


Kraus. What! is a fourth prpoons to 24h. I ” 53“ and 6. 347 


j * 


26 24h e 
E 13. 53 3 2 2 34." 1 6357 
— 3 Yor 5 8941 
Anſwer 44. 17 — — 1319 


_ THE USE OF THE FAILS 


We reje& 2 in the lie becauſe the firſt and third terms are arithmetic 
complements, and 1 is to be rejected for each. 


In like manner, whatever may be the three terms, whether hours and mi- 
nutes, minutes and ſeconds of time; degrees and minutes, minutes and ſeconds 


of an arc, or two of one and one of the other, a fourth proportional may be 


found, provided the quantities fall within the limit of the Table. 


. 


Vol. II. 
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PSS . 
TRE CATALOGUE *: 
f | oF 5 5 
THE PLACES OF 389 FIXED STARS, 


RIGHT ASCENSION, axv DECLINATION; 


* 


ADAPTED TO THE BEGINNING OF THE YEAR 1760: 


WITH 


Their MAGNITUDES, and ANNUAL VARIATIONS 
in RIGHT ASCENSION and DECLINATION. 


CALCULATED FROM THE LATE 


DR. BRADLEY's OBSERVATIONS. 


— ————X<J— 


0 002 


2 


6; * * ” oy * CY 
5 f 


Thosr ſtars whoſe right aſcenſion is between. go” and 270 with north 


declination, and more than 270* and leſs than go with ſouth declination, have 
their annual variation of declination. ſubtraftive ; and thoſe ſtars whoſe right. 
aſcenſion is more than 270 and leſs than go* with north declination, and, 


between go? and 270˙ with ſouth declination, have their annual variation of 


declination additive. This-is to be underftood with reſpe& to a time after 
January 1, 1760; but, if the time precede that period, the variation of —.— 


nation is to be N 788 with a contrary * 


— 


[ 47 J 


— 


* 


Dx. BRADLEY's CATALOGUE OF FIXED STARS. 


3 n 1 — — ——ů 
Numb. S Mean Right | An; Preces: in || Mean Distance An, Preces. in 
of Names 2 Ascension, Right Ascension, from N. Pole, Declination, 
2 Stars. ' 0 — Rare. z Jan, T, 1760, | - Jan. 1, 1760. 4 _ — 
| i . 1760. 1800. 1760. | 1800. 
5 "i. " 8. 8. D. M. 8. 8. 9 
t ke 2 | O. 13. 35, 45,95 | 45,99 [[ 76. 9. 5,3 20,01 | 20,01 
2 Ceti 3 | I. 47. 59,9 45,8045, 79 [|100. 9. 20,8 | 20,00 | 19,99 
3 |* d Piſcium | 5| 2. 4 „4,01 | 46,04 || B3. 8. 39,7 | 20,00 | 19,99 
4 | Andromedz| 3 . 38. 13,7 | 47,24 | 47,36 || 60.27. 20,0 | 19,88 | 19,85 
5 | « Caffiopeiz| 3 | 6. 45. 35, 49,32 | 49,63 || 34- 46. 53,5 | 19,87 | 19,85 
1 6 8 Ceti 3 | 7. 52. $9,0 | 44497 | 44,92 lo 18. 27,1 | 19,82 19,80 
| 7 S Andromedz| 4 8. 39. 58,0 | 47,20 | 47,30 || 67. 2. 30,5 | 19,78 | 19,75 
* 20 Ceti 5 | 10. 11. 19,0 | 45,79 | 45,78 || 92.27. 8,0 19,70 | 19,66: 
9 y Caſſiopeiæ 3 | 10. 36. 19,0 | 52,16 | 52,55 [|| 30. 35. 16,2 | 19,67 | 19,63 
10 |* « Piſcium | 4 | 12+ 37. 43,0 40,43 | 46,47 || 83. 24. 26,6 | 19,53 | 19,48 
11 |* e Piſcium | 5 | 14- 0. 30,0 46,30 | 46,33 || 85. 37. 30,8 | 19,42 | 19,37 
12 | BAndromedz| 2 14. 6. 29,2 | 49,26 | 49,41 || 55. 39. 32,6 | 19,41 | 19,36 
I3 » Ceti 1-1 3 | 14- 7. 48, o 44,94 44,92 [rol. 27. 39,4 | 19,41 | 19,36 
I4 0 Cafhopeiz | 4 | 14+ 9. 48,0 | 52,65 52,95 || 36. 7. 56,0 | 19,40 | 19,35 
15 [& Piſcium [3] 15. 18. 18,0 46,52 46,55 [ 83. 42. 03 19,30 | 19,25 
16 | 9 Caffiopeiz | 3 | 17- 34. 40,0 55,98 | 56,41 || 31. 1. g,5 | 19,08 | 19,01 
I7 9 Ceti 3 | 18. ©. 33,0| 44,99 | 44,90- [| 99. 25. 40,0 | 19,03 18,97 
18 |* w Piſcium | 5 19. 24. 3590 | 46,50. | 46,54 || 85. 6. 0,5 | 18,88 | 18,81 
19 |® » Piſcium 5 | T9. 40. 14,0 47,62 | 47,69 || 75. 53. 55,0 | 18,85 | 18,78 
20 „ Piſcium | 5|27- 6. 13,0 47,32 | 47,38 || 79. F. 39,7 | 18,67 | 18,60 | 
21 |* tos Piſcium | 5 | 21. 41. 38,0 47,93 | 48,02 74. 49. 11,7 18,60. 18,52 
22 „„ Piſcium | 4 | 22. 14. 26,0 46,49 | 46,53 || 85. 44. 7,3 | 18,52. | 13,45 
23 e Piſcium 423. 11. 14,0 47,03 | 47,08 || 82. 3. 31,8 | 18,40 | 18,32. 
24 s Cafſiopeiz 3 | 24. 21. 0,0| 61,76 | 62,32 || 27. 31. 26,8 | 18,23 ,| 19,13 
25 „ Arietis | 4 | 25. 6. 48 | 48,70 | 48,79 || 71. 53. 33,018, 1218, 04 
26 8 Arietis 3 | 25. 21. 26,1 | 48,98 | 49,09 || 70. 22. 29,3 | 18,09 | 18,00 
27 |* , Arietis. 5 | 26. 4. 13,5 | 48,56 | 48,64 || 73. 21. 5c,o | 17,99 | 17,89. 
28 a Arietis 5 26. 9. 8,0| 49,57 | 49,08 || 67. 35. . 4,9 | 17,99 | 17,87 
29 | yAndromedz| 2 27. 19. 7,0 53,90 | 541 48. 50. 2,0 | 17,78 17,08 | 
30 [a Piſcum 327. 24. 40,0 46,18 | 46,23 || 88. 24. 18,4 | 17,77 | 1758 
+ $1 | @ Arietis 2 28. 25. 20,6 | 49,84 49,95 67. 41. 1,4 | 17,00 17,50 
32 |* 19 Arietis 5 30. . 8,0| 45,40 | 48,53 || 75. 51. 23,8 | 17,33 | 17,23 
33 |* 18 Ceti 5 30. 4. 3590 | 47430 | 47434 || 92. 17. 23,2 | 17,32 | 17,22 
34 |* 1 0 Arietis 5 | 31. 12. 18,0 | 49,45 49,55 | 77 13. 17,9] 17,12 17,01 
35 o Ceti, var. 2 | 31. 48. 41,0 | 45,18 | 45,20 [| 94. 4. 4447 | 17,01 | 10,91 


— — 


* 


1 9 1 


Du 
. BRADT., 
EY? 1 


Num. 
Nam < WP 
N 49s 8 Mean Right Mi 
Ra | 8 | Ascension, Wee [| 8 
| E | Jan 
| IF 1 ou cots Assenstem HS 8 
Dr | FP m xray 
36. *2 Z C - D. - | 1760. — be * Pole, e ge in 
37 . — N. 1800 Jan. decl , 
7 18 7777. ——— ei 
3 d Ferkei 3 33 51 2 < 3 + ” 6 = — 5 1 Tk $4 g 
2 1845 6 . 595 e ENTS 
— Aids {2 4 4 4585 62. 37. TT I 58 
41 7 Ces 44437. 59. 31,0 $939 366 98. 44 | "TOS 
+ 5 eti — fo BI 28, 43,17 9,08 41. 43. 95 r6,62 || 16,c1 
44 * Ceti 4 2 27,0 52,16 56 54. 137459 15591 
45 r Perſei 3 38. 0. 6, 46,40 | a. | 9Þ5| 75 9 | 75-54 
— 1 e Arieti 5 38. 10. tos 479 146,45 * — 1 0 15,88 
46 —E — S | 5 = 20. 1 7 WR | 4 47. 18,4 —— 1 5,78 
4 1 „ 3%: 1 [6,95 [6x7 || 5 54 468] 1897 86 
- „ Perſe [3 4. 10: 450 nd pemae 12h | 165 | 1557 15,65 
218 1 . 82 | 43:04 22. . 57561817 15163 
6 Perſei Þ 2 42. 53. 38 = 50,84 w_ | 99. 2 15,17 15732 
52 |» rietis EIA 467 46.7 2 15,06 
53 C Arietis | | 4 | 44- 212 | 57142 40,72 22 e 1495 
1 I 242 | 57:62 & 3. eas 14,88 
5 5 & Erid * 45- 17. 1 0 | 50,70 | 49- 59 59,8 55 14,7 
5 2 P an! 3 | 45» 28 950 5 50, 8 — I 5,8 77 |1 3 
*” PI 3 | 46 3d 114 „80 671 5814, 4,04 
56 2 An | 2 | 46. 2. 54 3/573 3 69. II. 53,5 — . 
4 4. 4. 8% 8% wh E's $4- 9a 14,28 | 14 
538 | Tang” 42 62,71 43:48 || 99. 56. 51, 178 | 12s 
. 59 ä 17 Erida Y 1 4 47. 14. 48, 62,99 99. 43. a 14,04. I 3,93 
60 3 Perſei m 145, 5 49. 24. 48 1 541,24 | 41. 0. a I 3,8 13,93 
3 * b Pleiad 4 49. 41. Ho 19,19 51,33 9 hf" 13,77 
r 8 48,9 | 35538 4029 27 * 26357 
62 leiadum 52. 40. 7,0 62,78 4538 7: 54. 1081458 wy 
6 $ Erid 740 : 62 95. 56 1 | 9 13 
6 23 4 5 52. 4 52,79 2 43. 54: 46,8 287 1 
64 |», eiadum 3,4] 52. 4. 32,0 9 - | 2299: 65 o. os 2,95 2,07 
L 65 „ Tauri 5 56. 3 3229 | ). 39. 9, 12 46 12,81 
= | Y Eridant 3 11 2. 3 42,94 Ts 66 - 38,0 12,14 12,26 
1” nan b | . 1 — — 1 
* erſei 1 3 „85 3 7 66 5. 32, 512 | 
68 A Ta . 4 570 41 52 . 4 24 12 11 
6 . 6 1 an [4169 | 41:39 hog 4 71295 
69 e Tauri 4 2. 6 | 41971 39. 22, in ds | 170» 
| 4 333 57. 38 „016 I 104. 1 21 903 11 
n a 5,756 + 28 825 87 
1 x Ta 4 1. 24. 052 559 1 | | 55 10 8 
auri 3 | 61 32,0 55 FF 98 179 
| 5 Ka 32. 26,2 54,79 ey: 68. 19. 28,9 10,8 5 
16 50, 65 54,88 63. 35. 3774 10,84 10 
5 R a 54,18 50,71 14. ac. 10,71 „62 ö 
| 5427 74. 58 5589, 1055 
— 64. 20, 58 9 + 
$7- 30 9,54 139 
58 
. 9,39 334 
| | Q,21 


| 
| 


\ 


C ]- 


Da. BRADLEY's CATALOGUE OF FIXED' STARS: 


hs — 8 8 3 
| { 
| | | | 
Numb. £ Mean Night An. Preces. in Mean Distance An. Preces. in 
of | * wy 8 Ascension, Right Ascension, from N. Pole, Declination, | 
Stars, | e RE star. f. Jan. 1, 1760, . Jan. 1, 1760, —— 
_ . 5 1 1800. | ; 5 1 1760, [ 1800. | 
4 ey 4 TS ERR ee e | 8. * 4 b. M, 3. 1 8. ö 
72 9 Tauri | 4 | 62. 34- 25,0 | $1,31 | 51,38 || 73. 7. 56,9 9,22 4 
73 |* 1 » Taurt | 5 | 62.. 46. 34,0 | 53,02 | 53,09 || 68. 16. 36,0 9,16 | 897 | 
| 74 |* 2 Tauri | 4 62. 47. 18,0 | 52,98 | 53,00 68. 22. 137 9,15 | $97 | 
| 75 |* 39 Tai | 5 162. 54. 33,0] 51,50 51, 5672. 38. 375 9% 8,93 
76 |* 1v Tauri | 5 [| 62. 59. 43,0 | 53,22 |53,30 || 07. 45. 7,8 909 | 8,90 
. 77 |* Tauri 263. 39. 28, 51,97 | 52,04 71. 22. 25,3 8,88 | 8,70 | 
78 [* x'0 Tauri 5 63. 43. 22,0 50,87 50, 92 74. 35. 29,5. 8,86 |, 8,68 | 
79 |* 2 8 Tauri 5 53. 44. 47,0 50,84 [50,90 74. 49. 5% 8,85 | 8,67 | 
_ 80 J Aldebaran 65. 32. 38,7 5t,r5' Sr 73. 59. 397] 89 | Bro | 
Br r Tauri 5 66. 58. 6,4 | $455 83,6 || 67. 31. 33,3] 7,85 | 7,64 | 
82 1% Otionis 4 | 69. 23. 16,6 | 4472. [48,75 || BY. 37. 55,1] 7,5 | 6,87 
85 | 7Camelopard.| 5 | 69. 31. 48,0| 71,12 7,1 36. 39. 4,3 7,99 6, 74 
84 [ Tauri | 4 | 72. 11. 35,7] 53,33 | 53,39 || 68. 46. 31,5] 6,11 | 5,91 
85 m Taurt 5 | 73. 19. 12,0 | 52,27 52,3171. 42. 1,2 8,74 5555 
—— - 7 - s - —|- | Wan 
86 105 Taüri 5 73. 23. 58,0 53,43 53,65 || 68. 38. 12,2 5,72 | 5,52 
87 h Eridani 3 74. 1. 5,0 44,10 44,2 || 95. 24. 56,9 5.51 [534 
88 | Capella 1 | 74- 44. 5955 65,73 65,8434. 16. 27,5] $526 | 5,02 
89 | Rigel 1 | 75. 45. 10,9 | 43,03 43, || 98. 29. 50,7] 493 | 4576 
90 |* B Tauri ' | 2 | 77. 47. 7,9| 56,49 | 56,54 || 61. 37. 12, 423 | 4502. 
1 5 TW ae PREY * WE 
91 y Orionis 2 | 78. 4. 8,0 48,02 48, o 83. 53. 20, 7 414 3-95 
92 %%% Tauri 5 | 78. 18. 35,0 53,73 53788 68. 17. 30, 4,06 3,85 
93 | = } Orlonis| 5178. 34. 90 46,91 146,93 . 7. 59.51 3-97 | 379 | 
94 2 Leporis 3 79. 29. 40, 0 38,39 38, 40 e 58. 4,3 3,65 1550 
95 9 Orionis 2 | 79. 56. 22,0 45,70 45,77 90. 29. 50, 3350 3,32 
96 | Leporis 3 80. 32. 27,0 39,51 3,52 108. 0. 43,0] 3,29 3,14 
97 ? Tauri 380. 49. 41,8 53,50 | 53,53 || 69. 1. 3,4 3,9 2,98 
98 | « Orionis 281. . 417,0 45,45 45,47 91. 22. 33,3 3,13] 2,95 
99 |* 125 Tauri 5 [ 81. 13. 4,0 55,40 55,51 64. 15. 44,3 3,06 2,84 
100 fe 132 Tauri | 4 | 83. 34. 30, 54,97 55,00 | 65. 32. 1,3 2,24 | 2,03 
101 |* „ Leporis 3 | 83. 37. 3,0 37,67 | 37,08 12. 32. 40 2,22 | 2,08 
102 |* 136 Tauri | 5 | 84. 33. 46,0 | 56,31 | 50,33 || 62. 28. 9,0] 1,90 | 1,68 
| 103 | 9 Aurigz | 4 | 84. 46. 44,3 | 73,00 | 73,05 | 35. 45. 53,2| 1,82 | 1,54 
104 |* 1 x Ortotils | 5 | 85. 2. 440 [53,27 | 53,29 || 09. 47. 2955] 1373 | 1452 | 
1 105 1 2 * Orionis $ 1.95: * : 7,0 | 53,00 53,07 ll os: 1s INE hem 1 1,47 E 


2 4 
*% ee hn 4% " 
* 


J 
Ds. BRADLEY's CATALOGUE / OF FIXED STARS. 
F . is ” | ein 72 — 1 ———— 
Numb. - | $ | Mean Right An. preces· in Mean ae An. Preces- in 
| Names 02 1 e 85 Declination, 
of 9 88 Ascension, 4 Right Ascension, * from d N. role, * 7 0, 
„„ een — | AYES conrenn lanTang 
| | "1-3 | 8 7 þ 1760. | 1800. F | 1760. 1300. 
| . M. 5, * | 7's | D. . 3 Þ + 1 | 
106 | Orionis | x | B5. 32. 47, 2 $59 |. 48,51, || 82. 39. 34, 7155 | 7537 | 
10% 0 Aurigz |. | 4 | Bs. 50, 21, 06 LIT {| 52. 49. 56 1445 | 1,21 | 
| 108 |* E Gemino. | 5 | 87. 23. 1, o 5452 | 54,53 [[ 66. 44. 51,9] 0591 | 0,70 | 
109 |* Aurigæ 5 | go. 1. 18, 57,28 3. 60. 26. 18,9 9,01 | 0,23 | 
| 110 5 Gemino. 4 90. 5. 52, 8| 544 542467. 26. 51,7 093 | 0,25 || 
8 Gemino. | 3 | 92. 6. 34, 1 54426 | 54,25 67. 23. 1 0,74 | 0,95 
111174 392. 6. 34, 1 54420 | 54,257. 23. 13,31 % 4 | 0295 | 
112 |* » Geminorum| 4 93. 40. 39, 7 53,34 53,32 69. 39. 3446 1,28 | 1,49 
113 | 23 Gemino. | 5 95. 32, 4, 0 52,08 | 52,06 || — 1 1,93 | 2413 | 
114 | »y Gemino.. 295. 57. 37, 3 51,85 | 51,84 2345-8 4| 2,08 | 2,28 | 
115 * 26 Gemino. IE 97. 6.. 20, o 52,33 62,3172. N- 2, 48 2,68 
— — 3 7 | e ne ee, 
116. Semino. 3.97. 17+, 20, 7 $5933 | 55,30 || 04. 3 39. 19,7 2,54 2,75 1 
117 e 28 Gemino. 5 97. 23. 8 8 57494 | 56,99 60. 4 4155 2457 | 2479 
118 | Sirius 18. 38. 36, 8 49,10 | 40, 10 106. . 6,3 3,01] 3,10] 
| 119 |* & Gemino. | 4 |102. 27. 57, 0 9.39 53,35 69. 6. 2, 1 4432 | 4452 | 
120 51 Gemino. | 5 104. 53. 40, ol 51,67 57,70 || 73. 27. 21,8 3,14 534 
* | — ME . err * | 
| 221 | 19 Lyncis 5 10g. 48. 8, 0 74,16. 73,97 || 34- 17. 4% $45 | 5573 | 
122 % 71 5 106. 4. 22, 0 51,78 51,7 73. 2. 54,7 5564 985 f 
| 123 |* Gemino. 3 106. 26. 38, 0 53,84 53,7957. 35. 53,7 5907 | 580 
| 124 4 — 5 106. 56. 31, 0 53,23 | 53,2069. 7. 33,8] 5,83 | 6,03 | 
| 125 |* Gemino. | 5 |107. 42. 2, 0 50,17 | 50,11 || G1. 44. 54,5 6,08 | 6,29 |, 
| 126 |* p Gemino, | 5 108. 22. 8,0 53557 53,51 68. 5. 12,0 6,31 6, 50 x 
| 127 | » Canis maj. 2 |108.' 39. 8, 0 35,48 | 35,48 ||118. 50. 57,01 6,49 | 6,53 | 
128 [ Caſtor 1 |109. 48. 45, 7| 57487 57,39 || 57+ 36. 36,0] 6,78] 6,99 | 
129 |* Gemino. 4 110. 16. 34, 1 $5966 | $5259 || 62. 35. 36,0] 0,94 | 7,14 
| 130 |* f Gemino. | 5 111. 24. 2, O| 52,05 52,00 71. 48. 1,0 7330 7,47 
131 Procyon | x |111. 40. 56, 8 47,82 | 47,79 || 84. 10. 36,0] 7,39 | 7,56 
132 |* x Gemino. | 5 |112. 28. 59, o| 54453 | 54,47 65. 2. 54,0|, 7,05 | 7,85 
133 | Pollux 1 fa. 39. 3, 7| 55999 | 55,91 || 61. 24. 56,8 7,75, | 7,90 
| 2134 |* g Gemino, | 51113. 3. 12, of 52,30 $2924 70. 55. 32,2 | 7,84 „02 
135 | 26 Lyncis 5 114. 17. 24, 0 66,30 | 66,11 || 41. 50. 18,1 8,23 | 8,47 
136 |* © Gemino. | g 4114 41. 34, Ol 55,33 55525 62. 38. 6,1] 8,36 | 8,55 
137 |* 3 Cancri $4719: 57. 4, ©| 52,03 | 51,9 71. 7. 238] 9,07 | 9,25 
138 | Cancri | 5 j118. 0. 54, 0 53,54 53:40 , 66. 41. 57,2| 9,49 | 9,58 
9 139 |* 2 þ Cancri 4 |118. 59. 26, of 54,55 | 54,4663. 46. 59,2 9,79 | 9,88 
140 | B Cancri 3 125. 52. 13, | 48,93 | 48,88 || 80. 5. 35,0 10,27 10,43 


Vor. II. 


7 / 
[ 48s J 
% | 5 | 
Da. BRADLEY's'CATALOGUE/.OF-F1XED/ STARS. 
—ů w—wXh— 
umd... z | Mean Right An, Preeps. 
„„ + Vas, 3 Ace, i 
a. . 8 Jan. 2, 1766.7 
l SET TOIOS.. 
f v. M. Tik 81 4 
141 * # Cancri 7 5 124; 28. 16, $1457 | 
0142 |*'n Cancri | 5 (124. 2 83% 8232 
ö 1 ( ee 14 127. 20. 52,46 
144 J Cancri 4 ra 45. 27, 51538 048 
eg. . . 4 6,25 8 
146 |* 't Cancri 4 r30, 47. 58, 31:49430 , 
's ' 5 4 8 
IH | 
3 1.45498 
2 97: 37: % 15599 «| 15,20 | 
3,4 37+ 14, 3540 | 55174 15,30 
8 14 77.39. 2 — 45 
445 2. 33: G81: ' | 
& 18 I $855 415 $554 15,69. 
4 79. 21, 44811: $379 + 15,99 
3 * £7, Ss L48582 16,17 
5 26. 25. 16,5 6,5 16, 76 
'4 1 * 80. 48. 5157 16,75 16,86 
41481 33. 16, Dns 
| 5 1148 47. 16, of 47497, 47 (78. 50, 109 17517721 
ſ 2 148 53. 32, f 48,34 48,32 ||, 26: 52. % [ 17414 | 17423 | 
3 50 49. 28, 00 50, 39 | 50,28 165. 23; 4948 617,47 17,56 
2 51. 40. 35, 0] 49,59, 49,48 68. 52 I 3,1 [47502 «4 17470 
3587. 89. 9 54,50 54,32 47. 18. 0,5757 17.76 
166 2. —— 4155. 2. 25 2585 29. 27 56,6 18,14 15, 19 
| er ny: | 18 8, 
(167 Þ 48 Lebnis 5 155. 34. 0 47,0% || Bi. 49+ 5,0 | 19,22 8,29 x 
168 J 37 Sextantis 6 158. 23. 42, 40, 87 ga. 22. 06,4; | 18,61 ,| 18,67 
169 |* 38 Sextantis | 6 |158. 42. 27 40, 85 || 82. 23. 49,1, 7 | 18,71 
2 * 55 Leonis : 5 160. 50. AE 46,13 i 87, $91 2 — 5:ÞPP "| 18,90 | 
0 Le, 6 160. 53. x7, of 46, 74 Sa. 32. 24,0 18,97 18,96 
2 161. 47. 36, 5540 za. 20: 13,91% | 19,07 
5 162, 2. 20 46,4 85. 5. 5 1904 4 19,09 | 
5 162. 4. 30, 46,68 Sa. 36. 53% 0,0 | 19,09 | 
1,21102. 10. 35, 4 kaaki 26. 57. 332 | 19,05 | IQ,12 
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£96, C4 47 
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166. 187 
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19588 
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75810, 6 
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1905 
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8 | 19,43 | 
2 | 19539 


MA Ur v- Uh } Ur ww Ur w w 


_— 
— 


>| 


e. 


19,02 


4 [18,98 | 
118,97 


| 18582 
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118352 
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Ds! BRADEEP% CATALOGUE or FIXED STARS: 


f — 
L 1 * 
| 


{ Numb. 
of . 


_— 


W.r 4A 
418 Fames | 4 


a 1 Libs: * £ 


e 


11. | 10. 10. 53, 


j Ta an 


11. 3. 25 
— . 2324 


19. 3. 4. 


27 220% 44. 40 
2718 1 an] o. 50..:46, 
229 ß Libre 31 29. 16, 0 
220 1. Urſe min. 1* 2. 55. 7. | 
221 VI . . 18, 33s (99 
220 * 1 Libre | 18. 51. 58, 
es B Libræ | 2 26, 7 55 28. 51, 
7224 44 Libre + 229, 50. $9, | I, II, 
225 eLib 43.43% Ja. 7049575 103. 5. 145 20 1: 
226 er 221 8. 6, 0 37789 62. 27. 48, 9 12 
227 al 5 E31. 32.1, 0| $2450, I, 3,91 
228 Nn * EA 1933; 2. 1 res. 52. 50, 6 
| 1229 2 Serpentis | 2 1233} 3. 0, 82. 48. 17, % 
2 234: 48. S 114. DE 


— 4 — WT OST Rar 2 | 
231 d 2 30 51. 40, © 51 ; 185 48, 
2352 f Libre: | 285} (2+ 258, 9}- 59403; [5 £0 1810 
233 e Serpentis 3 235. 11. 3, $þ 124 
234 e Scorpu © 230. 8.647, 5858 Tr p35, #1, 2,11, 16 
235 |* Lib 4 36. 11.53, 9 4994 4 
236 F Scofbit 3 36. 32. 44, ef 52 1, 
237 fg Scotpi 2 237. 52. 47, % 51,0 7. 39, 1 
238 f Scorpii 5 238. 12. 9, 05213 
239 * @ w' Scorpii 5 238. 20. 37, 0 52420 
240 | FHerculis 5 1238. 50. 11, 0 ½7 
241 „8 4239. 31. 19, 
242 | Ophiuchi 3 240. 26. 54, 0 
243 19 Scorpu 5 241. 33. 354 © 
244 % Scorpii 4 241. 39. 4% © 
245 4 Ophiuchi 5 242. 31. 27,0 


* 


— 


{ 684 
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Ds!/BRADLEY' CATALOGUE” OF FIXED STARS. 


— 


— 


= * + —T 
1 


tram N. Pole, 
| Jag. i, 760 


Mean Dißtance 


he... At 


An. prebes. in N 
Declingtion, | 


— — 
241 . 2 ; 


1760, 


— — 


1 
1800. 


24. Seqepi 
|  Dratdnis 


0 9 Ophiuebi 


1 
* p Ophiachi + 


* 43 Ophiuchi | ; 
® Ophiuchi |; 
e Ophiuchi . 
| = Ophiuchi |: 


| + Ophibchi j 


(117, 63. 1 
1173, 55. 44,3 


15 | 8,90 | 

87 4 8,68 | 
: 8,66 | 8,48 
8,62 &. 43 | 
8,38 18 
475847065 
18 16 [ 5,08 
81 4,92 
4874 477 
$02 | 414! 
44564] 4534 
4,48 :4320 
4,18 | 


| 261 | Ws f 14 
262 | # Dracdnis 3 
| 263 |* Þ Ophiuchi j*5 
| [264 [0 p pwnd [3 ; 
265 |* d Sagittarit | 5 | « .i5 
| 266 | „ Sagittarii 3,4 | 83. - 
268 * 1 þ Sagi 1 4 53,63 1 5 
269 |* 2 j Sagittarii 4 53,52 0. Fa 8 
270 fe 9 Sagittarii | 3 $7543 19. 54. 11,5 
| 27x | » Sagittarii 2 f 7a 3. 44, of 50,66 | 59,65 124. 28. 12; 
| 272 n Sagittarii | 4 [273. 17. 32, 0 $5,47 35,47 115. 31. 
273 | « Lyre | 1 1277. 12. 11, c 30,09 | 30,06 || 51. 25. 
274 ( e Sagittarit | 3 [277. 39. 49, 0 56, 13 56, 10 11. 13. 
275 |* 28 Sagittarii 5 277. 57. $9, 0 54,9 54,16 12. 37. 
| 276 | © Draconis 5 7 29. 44, of 17,42 | 17,40 | 
277 |* 1 » Sagittarii | 4 [279. 55. "ig, d 54430. | 54,08 13. ; | 3,66 
278 |* o Sagittarii 3 280. 5. 40, of 55,78 | 55,74 116. 34. 7, 3 3,51] 3, 
279 |* 2 Sagittarii 4 fa80. 8. 5, of 54427 | 54424 12. 56. 47, 1 - 
2 8 Lyrs | 3 |280. 18. 26, o| 33,09 | 33,99 56. 53. 47, 8 3458 | 3:7! 
. — — — — —— — 
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Da. BRADLEY's CATALOGUE. OF FIXED STARS: 


8 


„ ——_— 


. 


- > 0 
4 — 
4 — — - > x - - - — 
a 1 * #7 _ 
* — L -— J — 
LIED BR 


e RS 32; $6 FTP. 
. * = 1 = Mean Right An. Preces.'in 1 Mean Distance An. Preces. in 
' of | "Names |S | Ascension, | Right Ascension, from N. Pole, | Declination, 
; Stars. | 2 . Jan. 1,1766. —— || Jan. 1, 1760. — — 
278 een 1 0 1760. 1800. | 21760. | 1800. 
5 „ . M. 8 $ 8 1 $ 8. 
12 Fre TSP 2 EN : 
| 281 % 1 K Sagittarii 6 j280, 46. 8, 110. 56. 44, 3 3,4 3,94 
282 [2 K Sagittarii 5 280. 51. 5, 111. 23. 61, 3927 || 3,97 
283 NG 3 81. 4. 20, 86. 5. 20, 3] 3,84 4,01 
28428 Serpentis 5 j481., 4. 39, © 86. F. 23, 30 225 4,02 
285 | L Sagittarii 4 81. 40. 59, 20. 11. 40, 0 4432 | 4532 
285 |, Draconis 4 [281. 54. 46, 30. 53. 55, 4 4,13 | 4,18 
287 |® o Sagittarii | 3 282. 34. 26, 112. 4 8, 4436 | 4,56 
288 L 7 Sagittarit 3 j282. 59. 9, I17. $9. 42, ] 4450 | 4,72 
289 & Aquile ' 3 83. 35. 50, 76. 28. 32,0 4,71 | 4,86 
290 x Sagittarii 4 283. 52. 14, 111. 22. 52, ] 4,80 | 5,00 
| 297 * | Sagittarii | 4 285. 12. 11, 115. 38. 42, a | $945 
2092 (d Sagittarii 4 |285. 53. 43, 109. 21. 26, 0 5, 48 5, 73 
293 1 x Sagittarii|.5 87. 39. 48, 114. 5 8, 5,27 
294 | x Cygm '4 287. 53. 20, 37. 3 6,15 | 0,22 
295 5 Draconis 3 288. 5. 35, 24. 45 6,22 | 6,22 
296 O Aquilæ 3 88. 20. 56, of 45,05 87. 20 6,30 | 6,46 
297 |* 2 h Sagittarii| 5 290. 31. 10, of $4,82 | 54,715. 23 1102 7721 
298 z Cygm 4 290. 54. 49, of 22,65 | 22,03 |} 38. 46 714 7723 
299 | 0 Cygni 4 292. 30. 0,0 24,15 24,1340. 19 706 | 7374 
300 ſe f Sagittarii | $5 293. 5. 6, 0 52,74 52,6810. 19 7585 8,03 
Ds CCTV — — — a 
301 | „ Aquile. | 3 293. 42. 45, 3 42,08 | 42,0 79. 57. 16, 6þ 8,0 | 8,20 
302 | I Cygni | 3 294. 22. 9, 0 27,98 | 27:97 || 45 26. 39, 1] 8,26 3, 35 
303 | « Aquilz | 1 |294. 46. , 7| 43,29 | 43;28 || 81. 44. 51, 1] 8,38 8, 54 
304 |* „ Sagittarit | 5 [295. 16. 31, of 55,11 | 55,03 16. 54. 49, 885 8, 74 
305 fe b Sagittarii | 4 95. 32. 52, 0 55,44 85,35 17. 46. 58, 3 | 8,82 
306 | 8 Aquilz 3 295. 5a. 51, 5 84. 10. 28, 8,74 | 8,89 
30% e a Sagittarii |. 5 296. 4. 34, 116, 49. 19, of 8,80 | 8,99 
| 308 | Draconis {| 5 297. 13. 20, 20. 20. 26, 6 9,15 908 ö 
309 | 0 Aquilæ 3 299. 43. 46, 00 40 91. 30. 56, 0 9,9210, 
310 [Draconis 5 300. 24. ga, o 4,8 22. 48. 29, 2] 10, 1310, 15 
311 [1a Capticorni 4 [301. 4. 55, 1| 4990 103. 14. 44, 410,33 | 19,49 
312 | 2@Capricorny 3 301. 10. 40, $| | 103. 16, 22, 0 10,38 | 10,52 
313 |* 19 Capricornj| 5 301. 22. 43, 0 109. 50. 54, 5 10,42 | 10,59 
314 |*®2  Capricorni| 5 [301. 23. 12, | | | 
315 e 8 Capricorniſ 3 B01. $2 36, 5 50,65 tog. 31. 14, 5 10,57 | 10,73 
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Da. BRADLEY's CATALOGUE OF FIXED STARS. 


[ 466 


„ 


WO r 


— 


. Mean Right ] An. Preces. in Mean Distance 
e ** Ascension, Right Ascension, from N. Pole, 
of the Stars. a . | 
— 371 lan. 1, 1760. . Ai , 1760 
J 5 I 1760. | 1800. Jay f 
5 
5 
3 
1 
14 . 
3 309. ; 
44 . . 
184 5 | 
5 312. 40. 43, 0] 51,51 51,42 10. 47, 13, 20 
4 313. 6. 23, 4 50, 72 50, 64 08. 10. 1a, 101 
1 Capricorni 5 313. 41. 40, a 51,82 | 51,72: 1a. 8. 35, 0 
* » Aquarii' | 5 314, 7. 30% 0 4, 40,00 102. 19. 42, 8 
* © Capricorni| 5 315. 29. 5, 5 | 51439 f. 37. 69% 
* 29-Capricorni| 5 315, 361 34 49:98 | 49-90 106. , 9, 13, 
„ Equulei | 4 15. 57- 23; 4 44:39 | 4430 || 85. 43. 52, 
„ Capricorni | 5 [317. 12. 50, 0 5, 30 50, 22 fog. 50. 30, 
Cephei 3 318. 12. 28, 00 21,29 | 2:1,24 || 28. 25. 26 
N e 4318. 13. 48, 4 $1,7L | $1,58 ||113. 26. 
„ Capricorni 5 318. 45. | 34 A 51546 | $1,38 12. 50. I6, 
| B Aquarii | 3 319. 43. 3748 4743 | 4737 || 90- 36. 50, 80 
* z Capricorni | 4 |320. 54. 7, J 59,65 | 59,55 10. 31. T 
E Aquarii 5,6321. 14. 24, 0 47,89 | 47,33 || 98. 55. 
e gi 4 [327+ 14. 34, 9 33,00 33,5845. 27. 
B Gephei 3 321. 22. 13, 0 12,49 12,2920. 29. 
7 Capricorni 4321. 41. 26, 0 49,89 49,81 07. 43. 
** Capricorni 5 322. 18. 23, 50,37] 50, 27.109. 56 
* x Capricorni| 5 323. 23. 57, 048, 56 48,49 102. 27 
* 3 Capticorni 3 323. 26. 28, 30 49,02; | 49,53: 107. 12. 
2 4 Cygni 5 324. 29. 41, J 32% [3,3 41. 47. 
* Cap 5 625. 2.4% 448,93 8,85 104. 40. 
2 Aquarii 5 (327. 43. 23, f 46.54 | 46,50 93. 18. 
a Aquarii 3 328. 21. 46, 1] 46,20 406,10 ||-91. 28. 
* Aquarii 5 328. 21. 47, 5 48,74 | 48,07 |[105. 1. 
* 35 Aquarii | 5 328. 56. 50, of 49,02 | 49,52 
* 0 Aquarii 4331. 2. 16,21 47 — | 
_ — — . — — 


— 


I 


Da. BRADLEY's CATALOGUE. OF. FIXED STARS. 


——_— 


Numb. | | (E | Mean Right '| An. Preces. in Mean Distance | An, Preces. in 
of | n | 8. Ascension, | Right Ascension, from N. Pole, Declinat ion, 
. E | Jan. 1, 1766. ] Jan. 2, 1760. — 
| £2 1760. ; 1760. | 1800. 
F 285 8. . 8. 8. 8 
351 fe Aquarii 5 47,42 1. 0,317,656 [| 17,73 | 
352 | Aquarii 3 332. 46,35 92. 35. 17,2 | 17,72 | 17,80 
353 | ® Aquaru | | 4 333. 45:90 89. 49. 546 | 17,87 | 17,9 
354 | & Aquarii * | 4 [334+ 46,12 91, 14. 23,9 | 18,01 | 18,0 
355 9 co Aquarit 1 5 334. 47,74 | rei. 53. 5272 | 18,06 1 18,14 
356] 7 Lacertz - | 4 | 5, © 36, 31 40. 56. 41,6 18,9 18,2 5 
357 [» Aquarii 5 49917 111. 15. 41,8 | 18,19 | 18,27 
358 | » Aquarii 4 1] 40,12 91. 20. 48,2 | 18,25 | 18,31 
359 / * Aquari | 5 46,70 H 295 18,33 | 18,37 
360 |* 1 17 Aquarii | 5 47,91 105. 18. 51,7 18,65 | 18,71 
361 |* 2 1 Aquarii | 4 47,81 og. 51. 8,5 | 18,71 | 18,77 
362 |* A Aquarii 4 46,99 98. 50. 50,8 | 18,81 | 18,87 
363 | « Cephei | 4 31,50 3. 28,9 | 18,84 | 18,88 
364 | Aquarii 3 47,98 5. 26,6 | 18,86 | 18,92 
365 | Fomalhaut | 2 49,81 . 53. 14,0 | 18,93 | 18,99 
366 | 8 Piſcium 4 45,07 7. 28. 1,7 | 19,13 | 19,18 
367 6 Pegaſi - 42,9 . 12. 52,0 | 19,14 | 19,19 
368 |*® 1 h Aquarii | © 46,84 59. 1,8 | 19,15 | 19,20 
369 % 2 h Aquaru | 7 46,85 2. 50, 1 19,16 | 19,21 
379 | & Pegaſi 2 44,49 4. 54,0 19,16 | 19,21 
371 |* 3 h Aquarii | 7 46,86 13. 25,7 | 19,17 | 19,22 
372 |* © Aquarii © 40,56 20. 17,5] 19437 | 19441 
373 |* 1 J Aquarii | 5 46,83 23. 26,6 | 19,40 | 19,44 
374 |* x Aquarii 5 6 46,69 I. 50,3 | 19,43 | 19,47 | 
375 [2 / Aquaru| 5 46,80 29. 18,5 19,45 | 19,49 | 
376 |* 3 J Aquarii 5 46,82 55. 6,3| 19,47 | 19,51 : 
377 |* 96 Aquarii | 5 46,45 25. 557 | 19,48 | 19,52 
378 | d Caſſiopeiæ 5 38,77 I. 52,2 19,02 | 19,04 
379 |* 1 « Piſctum | 5 45793 3. 1,9 19,62 | 19,65 
380 | 1x Andromedz| 4 42,94 50. 23,3 | 19,74 | 19,70 
381 |* a Piſcium 5 352. 45,91 32 21,0 | 19,84 | 19,86 
382 |® 19 Piſcium | 5 [353- 45,84 50. 36,6 | 19,89 | 19,90 
383 | 27 Piſcium | 5 356. 9 46,03 — — | 19,98 | 19,98 
384 |* ᷣ „ Piſcium + 45. 4, 0 45,82 27. 53,0 19,98 | 19,99 | 
385 |*® 29 Piſcium | 5 357. 46,00 21. 46,5 19,99 | 20,00 
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Da. BRADLEY's CATALOGUE OF FIXED STARS. 


— — — — — — — — 
| —— II — | 
Numb. | © | Mean Right | An. Preces. in {| Mean Distance, An. Preces. in | 
of * 5. Ascension, Right Ascension, from N. Pole, | Declination. 
* of the Stars. Z 2 e eee 
; 1760. | 1800. 1760. | 1800 
"FT 8. 8. . M. "2 8. * 


386 [* 30 Piſeium | 5 [3 57. 24. 47, 0 46,04 | 46,02 || 97. 20. 50, 7 19,99 | 20,00 

| 387 e 33 Piſcium | 5 358. 15, 47, 0 46,00 45198 7. 3. o, 5 20,00 | 20,00 
388 | Andromedæ 2 359. O. 25, 0 45,74 | 4584 || 02. 14. $9; 20,01 | 20,01 - 

389 | 8 Caſhopeiz | 3 359. 7. 4, 0 45545 | 45972 || 32- 10. 25,0] 20,01 | 20,01 


— 


—c— — 


The ſtars marked with Afteriſcs, are thoſe which may be eclipſcd by the moon to 
| any part of the globe. [Fry 


[ 489 7 


This catalogue of the right aſcenſions and north-polar diſtances of 389 fixed 
flars, deduced from the obſervations of Dr. BrxAaDLEy, is taken from the firſt 
volume of his Obſervations, publiſhed by Dr. HoxxsBy. It was firſt printed 
in the Nautiral Almanar, for 1773; but Dr. Horxssy re-publiſhed it with 
corrections ; for the moſt important of which, he has aſſigned the tollowing 


reaſons. 


2, +. Ceti; The right aſcenſion and polar diſtance of this ſtar were botli 
faulty. The former was deduced from the apparent right aſcenſions found in 


T7351, and carried on by preceſſion to 175 5, only : the latter was the mean 
polar diſtance for January 1, 1758, and was deduced. from. ſix obſervations, 


the difference of the extremes amounting _ to 4",3. 


4. # Andromede. The polar diſtance of this ſtar was, throvgh. miſtake, given 
for 17 ek | 


10. « Piſcim. The polar diſtance ſhould have been one minute greater: 
the miſtake was committed in reducing the obſervations of December 31, 1753, 
and October 28, and November 18, 1754. 


B Audromed. Having reaſon to believe the right aſcenſion of this ſtar to 
be faulty, I reduced the We in 1756 and 1757, and was enabled to 


apply the correction. 


33. 1E Ceti. The catalogue here, at firſt ſight, was erroneous. The polar 
diſtances were computed twice from the ſame obſervations, viz. December 8, 

and 26, of 1753, and January g, and 25, of the following year, but more. 
truly in the ſecond inſtance, if we except a miſtake of 3 degrees committed 

by the computer, in writing down the reduced zenith diſtances. In the former, 
it may be obſerved the preceſſion was applied for ſeven years inſtead of fix. 


36. 2 f Ceti. A fault was committed in applying the preceſſion for fix years 
to this ſtar, by writing 9%9 inſtead of 99”,8 = 1'. 39",8. 


37. 0 Ceti. The obſervations of January 17, 1753, and of January 13, 
1755, aſſuming the right aſcenſion of Aldebaran, and of à Orionis, as ſettled. 
by Dr. BRADLEY, give the ſame right aſcenſion exactly, the extreme obſer· 


vations W only 4,6. 
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47. e Arietis, The right aſcenſion of this ſtar was corrected by three obſer- 
vations in 1752. 


48. 7 erſei. The preceſſion applied was one minute too little. 


57. f Tauri. The right aſcenſion of this ſtar was corrected by the obſerva- 
tions of February 18, 1753, of January 11, and Denner 11, 1754, and of 
January 22, of the following year. 


mY ww 


68. 17 Eridaui. A miſtake was committed in applying the aberration to 
the obſerved zenith diſtances; and it appears, from a looſe paper, that the right 
aſcenſion had been determined to be 49*. 41'. 48“. ; 


79. 209 Tauri. The aſcenſional difference of this and the preceding ſtar, 
as given by Mr. Zacn, p. cxL11. muſt be faulty. By the obſervations of 
January 7, and December 26, 1754, of January 22, 1755, of February 8, 
1756, and of January. 29, 1757, the mean of the aſcenſional differences is 
5537 of e 1'. 20% 55, if the obſervation of January 22, 1755, be corrected 
by reading 1. 15. 4“, o inſtead of 1 15. 5,0, and the obſervation of Ja- 
nuary 29, 1757, be diminiſhed by 1”. By my own obfervations in 1779, the 
aſcenſional difference was 5%, 43 of time=1'. 2145. By comparing theſe two 
ſtars with Aldebaran on October 15, 1753, and on January 1, and 3, 1754, 
and aſſuming the place of Aldebaran as uſed by Dr. BxapLEy himſelf (ſee 
the aſcenſional differences), I find the right aſcenſion of the former = 63*. 43“ 
18”,7, and of the latter 63*. 44. 4, 3 on Ae I, 1760, and by my own 
obſervations 63. 43. 26",6 and 63*. 44“. 49“, 5. It muſt be obſerved, that 
the obſervation of October 15, 1753, appears to be faulty, an error of 1” 
having been committed in the obſervation of 2 0. 


84. + Tauri. I found, by ſeveral compariſons, that the right aſcenſion of 
this ſtar was to be diminiſhed by 1“. 5, 3. 


104. 1 x Orionis. An examination of the ſeveral obſervations of this and 
the following-ſtar, ſhows, that the right aſcenſions were very nearly determined, 
if that of February 1, 1752, be excepted, where the ſtar marked 2 x preceding 
4 Orionis, with a difference of 2“. 266, is FLAMsSTEED's 1 &, and was ob- 
ſerved as ſuch December 29, 1752; and the preceding ſtar is, perhaps, the 
223d of MayER's catalogue. The error is therefore probably in the polar 
diſtance of 2 Xx, and upon reducing the ſeveral obſervations, I find the polar” 
| diſtance of 2 x, as given in the catalogue of 177 3, to belong to FLAMSTEED's 


4 %» 


„„ 
4 x, the right aſcenſion of which has not been calculated, The order in 
which the zenith diſtances were obſerved (ſee the obſervations of January 18, 


1754, where the book of obſervations is exactly copied, notwithſtanding the 
obvious error committed in the caſe of this very ſtar, and alſo of February 15, 


1754) prove that the right aſcenſion was greater than that of a Orionis, and 
very nearly the ſame with that of x Geminorum : on theſe two days therefore 


for 2 x; we ſhould read 3 x Orionis. 


I ſubjoin the right aſcenſion of 3 x, and alſo the polar diſtances of 3 and 
4 Xx, reduced to January 1, 1760. 


69. 52. 46,5 0,90 0,69 


87. 25. 335 | 5325 | 53,26 
70. 19. 46,1 | 0,68 | 0,47 


— — — | 53,06 | 53,09 


3 x Orionis | 
4X x, Orionis 


129. v Geminorum. Having compared this ſtar with ſeveral principal ſtars 
obſerved on the ſame day, aſſuming their places as determined and uſed by 


Dr. BRAD LEX himſelf, I find it's right aſeenſion to be 


From the obſervations of 1751 - 110. 16“ 33”,9 
| 1752 — 110. 16. 38, 9 


. 110. 16. 30, 2 
1755 - 110. 16. 32, 4 
1756 - 110. 16. 35, 1 


- - 116. 16. 34, 1 


By a mean - 


An error therefore of 1' was committed. 


155. 10 Leonis. The right aſcenſion and polar diftance of this ftar, as 


given in the catalogue publiſhed in 1773, were deduced each from one obſer- 


vation only: and from the ſituation of the ſtar, I conjectured that the right 


aſcenſion belonged to 10 Leonis minoris, and would, perhaps, have been exact, 
if the proper corrections peculiar to that ſtar, for preceſſion, aberration, and 


nutation, had been applied. The obſervations of the 19th and 28th of March, 
and of the 12th of April, 1754, prove 10 Leonis to be the fame with the firſt 


of the Sextant of HEVELIUVSs, and the ſame concluſion may be drawn from 


the Britiſh catalogue. The zenith diſtances both of 10 Leonis minoris, and 


10 Leonis, were obſerved on the 12th of April; we are enabled therefore to 


determine the place of each ſtar, 
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168. 37 Sextattis, In computing the polar diſtance, an error of 1“ was 
committed. 


194. n Virginis, The polar diſtance of this ſtar is evidently too great, and 
the obſervations of March 9, and May 4, 1754, enable us to make the cor- 
rection; for on thoſe days, the ſtars n and u Virginis were both obſerved; and 
their ſituation is ſo nearly the ſame, that thè Vifferences of the zenith diſtances 


need only be applied to the calculated polar diſtance of 1. 


208. 21 Virginis. The error of 1* in the right aſcenſion was probably com- 
mitted at tlie preſs, ang allo of the letter of reference. 


223. 4 C Libre. By computing the obſervations of June 7, and 19, 17 85, 
and of May 16, 1756, I applied the correction. 


253. h Draconis. The right aſcenſion of this ſtar was unqueſtionably 


faulty. The obſervations of July 30, 1755, and of March 1, 1758, enable 
us to make the correction. I ſuſpect that the right aſcenſion firſt found was 


256% 5. 49 


£ Capricorni. In reducing the right aſcenſion of this ſtar from 1755 
to = the preceſſion uſed was 10“ too ſmall : it ſhould have been printed 


therefore 311% 13'. 52“ o, or more exactly 51,5 


360. 1.r Aquarii, The obſervations of September 28, and October 3, 


1733, do not juſtify the application of any correction to the polar n of 


this or the following ſtar. f | 


388. 4 Andromede. In reducing ſeven obſervations of 1 7.53, the refraction 
for 335. 44 was applied inſtead of 23*. 44'; a correction therefore for the polar 


diſtance was neceſſary. 
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9 


"> | | 5 
- = Right Annual] Right | | 
Numb, | . Names Z 5 1 Varist. Asten i th I Annual | 
of | ehe f En omar 2 
| © | 2 in Degrees. + , | in Time. 6 
Stars, [Constellations| #3 { © 
* 1 3 u. is. [o. M. 3. 8. 
* 8 Fa 2 * 1 
1 | Ceti | 3 | 1. 51. 53,3 | 46,14 o. 7. 28|j19- 7. 41,9S.|> 20,06 
2 Piſcium d 62. 7. 43, 5 | 46,29 o. 8. 310/06. 53- 6,4 N|+20,06 | 
3 | Ceti | 6 | 3: 38. 39,4 |146,17 | 0. 14. 35|| 1. 21. 9,8. — 20,04 
4 | Ceti 1 6 | 5. 47. 23,2 | 46,03 | ©. 23. 100] 4. 53. 24,38. 20,00 
5 | Piſcium 6 | 8. 49. ©,0 | 46,49 | o. 35. 160 5- 27. 19,9N|F 19,89 | 
—— — — — — 
6 | Piſcium | & | 4 | 9. 7. 36,8 | 46,55 | ©. 36. 300 6. 18. 11,0 N|+19,88 
7 | Ceti 6 10. 15. 15, 846, 00 o. 41. || 2. 25. 24,68. — 19,82 
8 | Piſcium 7 |". 55. 2,8 40,56 o. 47. 40 4 2: 4 NTT, 
9 | Piſcum | 412. 41. 25, 4 46,70 |. o. 50. 46|| ©. 37- 14,5 N[+19,68 
IO 1 12. 56. II, 7 40,20 0. 51. 45 ©. 6. I 5,6 N|+ 19,66 
| £1 | | 6 |13. 10. 52,2 | 46,52 0. 5. 43]| 4+ 23. 30% N 29,65 
12 7 13. 58. 29, © |\46,26 | 0. 55.' 541| . 45. 39, N 19,58 
13 | e | 5 14. 4 12, 6 | 46,54 | 0. 56. 17]] 4. 24. 13,0 +19,57 | 
14 | 7 14 37. 18, 4 | 46,33 | 0. 58. 29/1. 11. 39,0N|F19953. 
15 | + | 7 15. 7. 1% © 46,29 I. O. 29 I, 13, 27,5N|+19,49 
4 3 ah: * | 6 
16 3 Ef 15. 22. 1,0 46,79 | 1. 1. 280 6. 19. 40, 7 N＋ 10,47 
3 6,7 15. 37. 41,3 | 46,73 | 1. 2. 3105. 45. $26N+F19,44. 
| .18 | Ceti t 5. 42. 32, © | 45,99 | I. 2. 500 2. 14- 0,0 8. — 19,44 
| 19 Piſcium {| f | 6 156. 25. 19,3 | 46,42 | 1. 5. 4102. 22. 20, NH 19,37 
| .2o | r| e | 5 18. 24. 22,1 | 48,25 f. 13. 3/7. 56. 36,1Nj+19,18 | 
4 2 5 18. 30. 37,8 | 48,26 | 1. 14. 8. 1. 0,9N[|+19,1 7 - 
1 22 15 IQ. 1. 19, 8 46,97 1. 16. 6. 44. 10,6N|+19,12 | 
23 | 6,7 19. 12. 12,0 | 46,89 | 1. 16. 49] 6. 4. 23,5N|+F19,10 | | 
24 w | 5 19. 28. 20,0 | 46,78 | 1. 17. 530] 4. 55. 39,2 N|+19,07 
25 n | 4 19. 44 4,3 | 47,89 | I. 10. 57 14. 7. 37, NIA 10,4 
26 6 20. 36. 8, 4 ark 1. a2. 2501. 20. 55,9N|+18,94 
27 115 21. 10. 1,2 (47, 24. 400[lo. 55. 58,3 N|+18,87 
| 28 2 | = | 27 17. 52, 2 62 | 1. 25. 12|j10. 52. 26,5 NI 18,8 5 
29 21. 39. 18, 6 »94 | I. 26. 37 [ 5. 44. 50, oN 18, 81 
30 | 6,7 21. 45. 32, 048,22 | 1. 27. 2 6. 12. 22,4N|+18,80 
31 » | 5 22. 18. 19,3 | 46,78 | 1. 29. 13j] 4. 17. 31,7 N18, 73 
32 + 5 21. 1G. :7, 7 | 47,21 1. 32. 1 7. 58. $,1NI++18,62 
33 24. 4. 16,9 | 40,56 | 1. 36. 17% 2. 30. 23,4N|+18,51. 
34 8 24. 36. 28, 148,921. 38. 20;[17. 53. 4,0 NT 18,42 
35 | Anietis 7 | 4 25. 9. 57,5 | 49,05 | 1. 40. 4018. 8. 19,1 N{+189,37 
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[ 41. 50. 20, C 


. 33, Ni+2 5,26 


bi 
Names || : "- Annual] Right 
of the * ll Ascension | Variat. | Ascension peclinati Annual 
Ti Fs: os 1 e 5 ; 
. r > . + in Time. gun aten. Variation. 
ED 811 bo | | 
| 2 X "$5 Ec! — — 
om ry — 7 ni. 77 © Fol rn 5 
N — 1 e. - 1. 24 i ” 1 ö 
3 B | 5 ” 15 8 *. 8 as 1. N84 
Piſcium 6. 26. 8. N 41. 41½19. 39. 6,3 N18, 32 
2 10, 5 Es | 
Piſcium 4 327. 28. 40, 6 $4 44- 16. 39. 41,3N|+ 18,23 | 
Arietis «„ 28. 21. 53, 4 * 49. 1. 37. 16,4N{+18,01 | 
| — ee : 1. 53. 271. 31. 244N|+17,88 | 
& 28. 29. 34, I" ; papa 
e 2% 44 33.4 f. $3. 88072. 30. 3% N/+17,86 | 
8 29. 55. 17, I 8 4 25 30,9 77504 
30. 4. 2,0 i 59 20. F. 4% NH 7,01 
E 30. g. 31,7 on 9. 14; 10. 7,8N|+17,59 
_ 3 2 | 2. ©. *: 44- 8,2N +17,58 
| 31. 1 53 | Til | 3 
2 r 2. f. 48. 48. 10,9N[+17,38 
4733. 43. 50, 2 N 13% NT. 707 
# 65 33. 55. iN ot} dP een +16,94 
22. 8 424 49,0 I | 
— 4 80 6 2. 17. 30 18. 48. 10 16,95 
N 35. 1. 0 N 44 N85 x 
4 3 "Nat 1 jy 13. $9. 6,1 N|+16,69 
35. 57. 45 2. 23. 2. 36. 2887.65 
, 30. 22. 41, 2 80 . 26. 43,8 N ＋T16,51 
= 37. 17.719, © 3 55. 5% NT 43 
— — 29. 98. 29. 52,3 N T1024 
37. 27. | 
TT 
„ 537. 54. 28, 2 4 „5 N＋ 16,14 
1736. 4. 42,8 Fre n 
w | 4 | 38-' 3. 58, 5|- rr 
— - 1 7 — 2. 32. 16 9. 6. 37, Nj+16,09 
1 6 . 4 3 2 11. 17. 31, N ＋ 15,92 
„6309. 30 12, © =] = 16. 28. 24,5 N＋15,88 
4 40. 26. 51,5 R 
e 6, 7 40. 39. 37, 7 | o 4 £5 10. 46. 1,0 N ＋1 5,57 
=. 5 it : i "mn 42. 17. 21. 56,2 N ＋ 15, 53 
g 740. 48. 8 WP | 
* [6,7] 41. 10. 7 i r 22, N 415549 
541. 27. 13, 5 uy TY 49. 43. „N ＋ 15,41 
4 | 41- 47. 10,6 . 3h 49% $3: 19904035 
5 x 47+ 7. 57. 36, N＋ 15,27 
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— . 
Numb. Names : = N. ee 3 | $3 RY , 
-of of the : 85 E Aen,ο *** Azcension Declination. Variation. 
Stars. | Constellations. : = A ARE + Rs] | | 
WS . 8. N. . 8 0 8. 
77 743. 33. 31, 0 50,43 | 2. 54- 14016. 58. 33,4 NT 14587 
72 | 6,7] 43- 46. 3, 8 50,67 | 2. 55. 4{[17- 52. 45, NT 81 
73 | ? | 4 | 44- 33. 25, 1] 50, 73 2. 58. 14018. 49. 23, NT 14,3 
74 & | 5 | 45. 21. 28, of 51,44 | 3. 1. 2600. 10. 27,8 N 14,44 
75 46. 50. 48, 0 51,36 | .3- 7. 2319. 38. 48,6N|+14,07 
76 1746. 55. 26, 8 51,62 | 3. 7. 420. 16. 56,9N|+14,05 | 
77 | Arietis 2 | r | 6 | 47. 19. o, 8 51,54 | 3- 9. 16|[19. 53. 25 28 | 
78 7 47. 37. 3, 10 52, 75 3. 10. 28123. 52. 2, N 3,86 
79 | 3| 7 | 7 | 47- 43. 50, 2 $1,59 | 3- 10. 55 'T 57. 11,5N|+13,83 
80 | Tauri o | 4 | 48. 2. 52, 6 48,30 | 3. 12. 110 8. 11. 26,2N|+13,76 
— 1 . n — 8 
81 | Tauri E | 4 | 48. 36. 54, 2J 48,85 | 3. 14. 28|| 9. 57. 4,9N|+1 3,61 | 
82 | Arietis 7 | 48. 41. 7, 9 52,27 | 3. 14. 45|/21. 58. 38,6N|+13,59 
{_ 83 | Tauri 6 | 49. 23. 54, 2| 48,99 | 3- 17. 36 IO. 30. 59,6N|T 13,42 
84 f | 5 | 49. 28. 55, 6 49,583. 17. 56/12. 7. 2,2 NT 13, 40 
\Bs | t | 6 | 49. 58. 36, 1 48,51 | 3- 19. 541] 8. 33. 55, 8 NT 13, 26 
— — — 909 @ 20 of | — 1 
b6 6 | 50. 8. 27, 4 52,83 | 3. 20. 341/23. 39. 30, 8 N 13,21 
7 51. 32. 36, 0 50,45 | 3- 26. B[|15. 45. 28,9N|+12,85 
88 6 | 51. 41. 36, 1] 53,39 | 3- 26. 4624. 33. o, 3 N 12, 81 
89 | 52. 11. 56, 1 51,953. 28. 4719. 55. 5$3,9N|+12,68 | 
1 : Cs. 33. 32, 3 51,04 | 3. 30. 1418. 54. 20,4N|+12,59 
91 Celeno 2 43. 4, o 53514 3. 30. 52 23. 31. 52, N12, 5 
92 Electra 5 | 52. 44. 22, 2 53,08 | 3. 30. 57/3. 21. 20,2N|+12,55 
93 | Aſeerope. m | 7 | 52. 47. 41, 9] 53,38 | 3. 31. 110/24. 5. o, 2 N＋ 12, 54 
94 | Taygeta e | 5 5 48. 50, 9 53,20 | 3. 31. 151/23. 42, 41,0N|+ 12,53 
95 [Maia Cc | © | 52. 58. 14, 1 53,193. 31. 533. 36. 50,9N|+12,47 
96 | Merope d | 5 | 53- 6. 19, 0 53,07 | 3. 32. 2503. 12. 56, 5N|+12,43 | 
97 n | 3 | 53- 23. 6, 9 53,15 | 3- 33. 323. 21. 42,0 Piss“ 
98 | Atlas [f | 6 | 53. 48. 23,9] 53,19 | 3. 35. 14.23. 18. 54,2 4225 
99 Pleyone | h [7,8] 53. 48. 41, 5| 53,20 | 3. 35. 15/23. 24. 53, 1 N12, 25 
100 | 54. 2. 4, 0 52,59 | 3. 36. Bl[21. 30 49512417 
101 54. 3.22, 7] $372 | 3+ 30. 131124. 51. , 4N 12, 17 
102 . | 6 | 55. 45. 9, 1| 52,81 | 3. 43. 10021. 47. 50, 3 N11, 68 
103 A | 4 | 56. 55. 18, of 49,71 | 3. 47. 410011. 48. 30,8 N ＋ 11, 34 
104 757. 35. 8, 1] 53,52 | 3. 50. 210/23. 24. 16, 4 N 11, 15 
105 1] A} 5 | 57. 42. 29, 3| 52,85 | 3. 50. 500% 1 25. g 7N|+11,12 
RRR 
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do 11 \ 
: = _—_ "OW | 4 wal 
2 = Ascension | Variat. . | Declination. || Variation. 
© Ein Degrees, + in Time, | 
s |” | 8 
g D. M. '$ 8. =. M. 8. 
| OSA * 8 | ͤ— — 
A . CF. 42, 4 52, 823. 51. 
115 7. 47, 354,933, 52+ 31 
| @ | © | 5B. 52. 32, 4 52,11 | 3. 55. 30 
p | 6| 59. 8. 26,8] 54,52 | 3- 56. 34 
| | 59- 44. 14,2] 53,11 | 3- 58. 
AE. 
| | 60. 36. 42, 3] 50,85 | 4 2+ 
# | 4 | 60. 41. 57, 4 48,74 4 2. 
@-| 6 | 60. 52. 49, 2] 52, 8 4. 3. 
176. 7. 34, 1] $2487 4. 4. 
5 | 6r. 28. 55, 3] 54,88 4 5. 
361. 36. 37, 0 50,92 | 4. 6. 
562. 4. 37, 0 5% 4, 8. 
4 | 62. 21. 7, 2| 51,634. 9. 
762. 27. 44, 7 54402 4. 9. 
| 4 62. 38. 36, 9 51,57 4. 10. 
8 62. 50. 55, 2| 53,334. 11. 
562. 51. 42, 7 53,334. 11. 
6 | 62. 58. 46, 4 51,79 | 4+ IT. 
$ | 03. 4. 7, 1] 53,50 | 4 12. 
| 7 | 03- 14. 48, 551,0 | 4. 12. 
663. 18. 57, 7] 5353 | 4+ 13. 
| 334] 63. 43. 42, 8| 52,28 4. 14. 
45s | 03. 47. 32, 451,174. 15. 
563. 50. 2, 051,144. 15. 
| 7 | 64. 11. 30, 2| 51,074. 16. 
7. | 64. 18. 57, 6| 51,07 | 4. 17. 
764. 36. 56,9] 51,16 | 4. 18. 
565. 7- 59, 2 50,83 | 4. 20. 
r | 65. 36. 53, 7] 51,45 | 4- 22. 
| 5 | 05. 41. 28, 6 49,32 | 4. 22. 
| 4 | 66. B. 56, 1] 44,97 24. 
| 6 | 66. 26. 19, 1 51,14 25. 
6 
5 


1 
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NI. Ds 1a CAILLE's CATALOGUE OF ZODIACAL STARS. 


8 


| EE . a "my | 
| ap icht [Annual] Right 
| Numb. [| Names 5 - 2 , : . N. Annual 
of of the ＋ 3 es of 1 Declination. Variation. 
= | 5 | in Degrees. + in Time. || 
Stars. | Constellations. | & | & . | | 
8 | 1 5. „ 1 5 | 
—— wy ——— e e e Dae — | 
141 | 67. 51. 21, f 49,60 | 4: 31. 25/10. 41. 23,1N 
* 142 | Eridani w | 4 | 68. 26. 22, 4 45501 4. 33. 45|| 3. 41. 6,98. 
143 | Tauri | 6 | 69. 4. 39, 3| 51438 | 4. 36. 19||15. 28. 24,4N| 
144 141 |] 6 | 69. 24. 39, 3] $1438 | 4- 37. 3915. 25. 16,0 N 
145 | Orionis 1 | „ [45 69. 48. 47, 3 $1452 | 4. 39. Ig||r5. 46. 22,0N 
146 2 | © 4.5 70. 47. 35, 6] 51433 | 4: 43. 1015. 7. 32,3N 
147 | Tavri 70. 53. 32, 9| 54290 | 4. 43+ 343. 33. 39,3N| + 
148 k 6 70. 56. 52, of 54445 | 4: 43. 471124. 39. 55,3N 
149] \ os | 4 | 72+ 15. 53, 9] 53403 | 4. 49. 4{|21. 14. o, N 
150 | Orionis 15 22. 47. 29, 7| $433 4. 81. Torts. 3. 23,5 N 
ary Tauri m 673. 23. 26, 9 N. 54 4. 53. 3418. 18. 33, N 
112 } | 73. 27. 5, 4 54,744. 53. 483. 55. 56,4 N 
A IG 11673. 28. 16, of 53,72 4- 53. 53/1. 22. 20, N 
| ISS ] ( [3+ 28, 43, 3 537234. 53. 55020. 6. 15, N 
| 15s | Orionis 2 | 5 | 74+ 3. 57, 41 $1240 | 4. 56. 160015. 16. 38,7N 
— - — * — | 
r 34733. 7, 8 51165 | 4- 58. 13015. 44. % N 
| 157 | Tauri if n | 7] 75. 20. 16, 8| 54403 | 5. 1. 2121. 59. 37,2N| + 
7 x08 1-7 2 | n | 6| 76. 17. 31, 1 53,99 | 5- 5. 10[|21. 49. 49,6N| + 
159 8 | 2 | 77- 51. 37, 3] 56,76 F. 10. 268. 23. 13,2N 
160 > 5 | 78. 22. 54, 5| 5403 | 5- 13. 32||21+ 43. 50, 5 N 
161 b | 6 | 78. 42. 17, 8 55433 | 5- 14. 491/24. 56. 11, 8 N 
162 | Aunge x 5,6 79. 21. 33, 4| 58,52| 5. 17. 26/131. 59. 36,8 N 
163 | Tawt 6 | 80. 16. 33, 6| 54,945. 21. 6/23. 51. 40,9 N 
164 8 | 3 | 80. 54. 7, 1| $3490 | 5. 23. 36/0. 58. 42,7N 
165 [6,7] Br. 17. 41, 4 85,74. 25. 115. 44. 29,6 N 
166 | | 5 | Bt. 55. 47, 5| 52, 5. 27. 430016. 23. 3, N 5 
167 6 | 82. 16. 8, 3} 52,98 F. 29. 518. 50. 48, 3 N 
168 | 4 | 83. 38. 58, of 55928 | 5. 34. 364. 27. 54, N +2,68 
169 84. 2. 23, 5 56,76 5. 36. 10007. 52. 23, 1 N 
170 | 5 | 84. 38. 18, 4 $6,61 | 5. 38. 337. 31. 56,8 N. 
171 | Orionis 1[ x | 5 | 85- 6. 58,7 53,55 | F. 40. 28||20, 12. 41,1N 
172 | | 6 | 85. 51. 7, 0 55,01 | 5. 43. 241125. $4 44 
173 | . 86. 52. 29, 0 54,435. 47. 302. 22 23,8 
174 | Orionis 2| x | 5 | 87. 23. 1, 3 53,35 5. 49. 3319. 49. 2% N 
175 | Geminorum | H | 5 | 87. 27. 27, 7| 54-78 5. 49+ 803. 15 14,5N 
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M. Dz 14 CAJLLE's CATALOGUE OF ZODIACAL STARS. 


Names 
of the 


Constellations. 


Orionis 
Orionis 


3 


8 
2 


1 
— 


* 


— 


| 


— 


5 8 n _— Rigs 1 
| = 8 e W Declination. Variation. 
8 = in Degrees. | + in Time. f 
8 D. 8. 8. M. . 8. 
X | 5 8. 29. 24, 4 53454 | 5. 49. 58 23,2N| +1,35 
». [445 38. 32. 18, 3| 51,48 54+ 9 +0,99 
6 | 8g. 16, o| 53,44 58, +0,64 
| f | 6 ] B89. 37. 32, 4] 52,02 58. 30 558 NI To, 61 
1 15, 3] $4452 | ©. 9. 41 NI +0,41 
Ff | 6 | go. 28. o, 3] 52,03 | 6. 1. 4578 N +0,30 
„* 392. 57, 4 858. *. 470 N — 0,29 
92. 48. 41, 2| 54,87 11. | — 0,51 
92. 51, 9 54,91 11. 51,1 NI -, 51 
y 93. 44. 57, 7| 53,62 I5. 27,7 N - o, 85 
£7 94. 38. 52, of 52,68 | 6. 18. 5371 N 2 
=” 96. 52, 1] 52,02 | 6. 24. —1, 
| 97. 10. 42, 3} 52,59 6. 28. 25,04 
: 97. 21. 59, 5| 55,00 | 6. 29. 24,7 N —2,10 
d 99. 21. 41, gf 54420 | 6.-37. 2, NI - 2,80 
"= 101. 13. 58, 4| 55,83 | 6.44. 56 + — 3,45 
0 102. 2,9] 55,14] 6. 48. — 3,71 
* oa. 32. 12, Of 53,67 6. 50. 41,8N| — 3,89 | 
Ww 102. 47. 2, 0 53,47 | 6. 51. 12, N 73.97 
T 104. 2. 9, 5} $7474 | 6. 56. 23,5 N — 4,49 
m 104. 32. o, gf 55, 5 6. 58. 57,4 N — 4,57 | 
2 104. 57. 53, 1057,97 6. 59. 26, NI — 4,66 
A 105. 4. 28, 7] $5555 | 7-. . 12, N — 4,76 
A 106. 8. 31, 3] 51,09 | 7. 4 50,ß N — 5,12 
2 | 3 106. 30. 54, 7] 5412 | 7- 6. * | 
q 107. 52, 3] 53,527. 8. — 5542 
A 107. 16. 47, 1] 5337. 9 48, N — 5,81 
+ | 6 [107. 28. 32, 7 56,387. 9. — 5557 
6 107. 46. 24, 7 56,48 7. 11. 31,8 N — 5,68 
17 108. 16. 7, 3] 53,41 |. 7. 13. 34,2 NI — 5,84 
p 108. 17, 4 53,86 13. 15, N 75790 
bb 6 108. 56, 3] 56,56 | 7. 14. 52,3 N — 5798 
b 108. 26, 2 56,45 1 5. — 6,02 
| 1 109. 53. 33, 5| 58,057. 19. $44 NÞ + 0,39 
k | 6 1. 2. 35, 1] $1473 7. 20. 50, NI —6,43 
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M. D 1a CAILLE's CATALOGUE OF ZODIACAL STARS. 


1 D 


133. 27. 29,2 


— — 


+86; 1 | | 
- = Ade ; Re | Annual | 
- 15 Ascension Ascension |]. Declination. [Variation |: 
18 in Degrees. in Time. 
Constellations. 8 I a TT 4 
4 . n. M. „ . 6 5. 
9 116, 41. +7, © 7. 21. 2427. 23. 48,8 N|— 6, 84 
18 8 111. 28. 10, 7. 25, 7 18. 11. 29,8 N 501 
o | 5 112. 8. 42, 7. 28. 361118. 25. 4g,0N|— 7,12 
6 [112. 26. 13, a 7. 29. 451120. 19. 24,4N|— 7,22 | 
* 4,5112. 34. 31, 6 7. 30. 1824. 56. 28,2N|— 7726 
B 2 112. 43. 417,9 7. 30. 55|[28. 34. 27,6N| 737 
3 6113. 7. 21,1 7- 32. 2919. 3. 51,8 N — 7,43 
6 113. 37. 13,1 7. 34. 2923. 42. 15, N. — 7,59 | 
© 5 114. 46. 57 3 7 39- 4 27, 21. 4,2 NI — 7498 
1, 6115. 28. 51,6 7. 41. 551120: 29. 14, N — 8,21 
— }—_— — ͤ— —— e-. wo * — 
; 115. 54. 30, 4 7. 43. 3816. 24. 9% . 838 
„6.116. 40, 9, 0 7: 46. 41][26. o. 57,5 N. — 8,59 
0 116. 52. 44, 5 7. 47. 31/25. 42. 587A 8,65 
Geminorum | x | 5 11. 18. 34 6 7- 49. 28. 26. 2,8N[— 8,78 
4 118. 28. 34, 6 7. 53. 54/2. 14. 47,6N|— 9,15 
7447119. 1 51.2 7. 56. 156. 13. 6,5 NI — 9,32 
s 19. 37. 58, © 47. 58. 3230. 20. 2752 N — 9,50 
rs 119. fo 36, 7 | 25 421118. 20. 2% N— 9,51 
8 120. 56. 24, 4 3. 469. 53. 35% N — 9,91 
x 121. 26. 5,8 8. 5. 4427. 57. 32,8 N — 10,06 
2 121. 37. 50, 3 48. 6. 3311244 44- e | 
% 6 |123. 7. 55,0 8. 12. 32027. 41. 6, N 10, 56 
50 23. 39. 26, 9 8. 14. 380024. 54. 23, N|— 10, 68 
„6,7124. 23. 37, 2 8. 17. 344, 51. 23,5 N. — 10, | 
1 9 45,5124. 32. 28, 1 8. 18. 1018. 52. 23,2 N|— 1,87 
— — — uL— K n e 
2 „6,8124. 46. 6, 9 8.19. 424. 52. 5, N- 17,056 
Cnc: 64/2. 48. 16, 2 8. 25. 5320. 50. r 
1 Ln | 44227: 125: 48 8. 29. 402. 17. 5 8 | 
1 Tx Ji 4127. 49. 347 3 8. 31. 1819. o. 1052 N — 1594 
es 8 2E —— ; | :: 37; 546: 12 3&8 M-. 
Hyde. „ 4130, 43. 2 | 8. 42. 540 6, 49. 407 N 
el „% 6131. 1 46, 8. 44. 7176. 12. 35 N— 12, 0 
44131. 24. ine 8. 45. 37112. 45. 18.5 N 12,91 _ 
„ 00132. 14. 19, 3 $322. 8. 48. 5725. 21. 44,0 N- 13,13 | 
ur 8. 53. 50 30. 34. 56, N 13,45 


[ 502 ] 


—̃ʒ — 


M. Dr 14 CAILLE's CATALOGUE .OF ZODIACAL STARS. 


| =. EO 
z 
* F. 
* * 
. * 


— 7 
e Right Annual] Right 
Names 1 . : ; a Annual 
of the 0 : ub el | n | 3 Declination. Variation. 
WW. F in Degrees. | + in Time. 
Constellations. | D oi | 
jo I E 5. 
Lyncis 1133: 35. 7, 6| 5624 b. 54. 21 —13,48 | 
Cancri E 5,6133. 56. 6, © 225 8. 55. 44 — 13,56 
5 „ 68, 1 $6,353 | 9- 9. 32 — 13,88 
4X | 7 1135: 33. 22, 8| 50,0 9: $$." 13 — 13,98 
Ke: 136. 42. 5, 4 59,86 | 9. 6. 48 E. 
Leonis 4 [137: 43- 4 5 2 1e. 55 1% 
E 5 138. 58. 14, 4,54 | 9. 1s. 53 — 14,84 | 
-4 1139. 48. 50, 2 1 9. 19. 15 N- 15, 3 
| 6 1139; o. 253 48, 66 9. 19. 20 — 15, 04 
15 2 2 — ff 47593 | % 24. 47 N[—15,33 | 
* ]-4 1142: 8. 52, of 48,60 | 9. 28. 36 —15,55 
£ Sx 6 42. 43. 35, 0 49:48 | 9. 30. 54 |— 15,67 
| | 3 [143- 7. ©,2] $1359 | 9. 32. 28 — 15,70 
1 4.50146. 23. 22, 0 48,88 | 9. 45. 33 8 
1 "$$ 154% $60 . N]-- 16,49 
Hydrz '2 5 148. 2 255 3 6,84 + 
Leonis 3 148. 13 IG 7 N- 16,88 | 
F 5 148. 42 13, $ N|— 16,93 q 
Regulus 1 148. 57. 3 : N- 16,95 
Sextantis J 49.37. 12, of 4 8 8. ＋ 17,06 
Sextantis 6 149. 51. | 45 J+I7,11 
Hydre | ] 4 1:49. 55 $5; 57 44421 9. 59. 43 ＋ 17,12 
Sextantis 6 15. 9. 31, 4 45,05 [o. 5. 58 |+1 7,40 
| Leonis 1 6 [151. 43. 38, 30 49,78 fro. 6. 3s — 17,49 | 
[>| 1.5 ]*$t- 44 9% of #34 ror 0 epjart 7. GaN —17449 | 
Sertentis 153. 29; 58, 5 45,28 fo. 146. © 5 17774 | 
Leons 6 154. 54. 25 8 48,53 110.19." 38 N 7,95 | 
bd” L41155 6. 13, gf 47,77 flo. 20.25 18,00 
5 | ©1155; 40. 13, ff 47,84 10. 23. 41 — 18,09 
_Hydre "| © | 51:56: 47: 14 5] 4997 lu. 27:\ gz S [+18,26 | 
_Leonis | | 6 18. 18 1 4 49,26 10. 33. 57 Is. 26 2 78 9 5 ö 
r 6 159. 1 47,61 110. 36. 53 47. 8 N 18,59 | 
Hydræ 4 59. 30. 43, | 7525 110. 38. 314. 58. 58 + 18,62 
. 159. 37. 57, . 10. 38. 31 74 39. 35,08. 118,64 
Leonis ot Ser 4. 15, 7 46,43 [lo. 43. 37, 18,80 


— — 


* 11 


[ 503 1 


M. Ds 14 CAILLE's CATALOGUE OF ZODIACAL. STARS. 


| 4 Right Annual] Right 
Numb. | Names * > — Varia, | þ Azcenjicn | IE — 
: on of the: | =| ; in Ti W e, 
i a (ET in Degrees. + {| in Time. | | | p 
Stars. | Constellations. | 3 { & 565 L 4-4 
2 — RY 3 # of — — — — — — 
” i De 'i. .8 8. . . . 3 8 . . 
281 1 [ 6, 7160. 57. 13, 00 47,06 [to. 43. 491 7. 26. 5,5 N= 18,81 | 
282 d 5,6162. 6. 16, 4 46,72 10. 48. 25] 4. 52. 50, 4N— 18, 95 
283 2 {| c | 5 162. 8. 19, 4 47,00 ro. 48. 33] 7. 21. 36,8 N- 18,95 
284 WW 162. 48. 36, 1] 46,08 ro. 51. 14] 1. 14. 34,2S.|+ 19,92 
285 | g | 6 162. 53. 38, 1] 46,32 ||19. Ft. 35] 1. 15. 39,0N|— 19,03 | 
286 | | x 4.5763. 13, 16, 51-47-08 10. 52 53 8. 36. 12,6 N 19,07 
28 | 6 163. 43+ 46, 6|.46,57 ro. 54. 55/3. 13. 30,2 N 19,14 
288 56165. 26. 2, 0 46,31 |j11 2. 44 12. 46,9 N- 19,39 7 
289 9 | 3 105. 28.25, 1 47,71 [f. . 55/16. 42. 39, N 19,30 
290 | n | © 1685. 53. 17, of 47,46 [fr. 3. 33014. 35. 7, NC 19,34 
— — ———— U3—ͤ—v- n — — — — | 
291 46166. 10% 5 „47 [lit. 5. 18] 3. 18. 2,2Nj|— 19,38 
292 Crateris 94 166. 54. J 604,12 pe 7. 37113- 30. 20, 5 8. ＋ 19, 43 
293 | Leonis | & |45]107. 15. 133 15575 21 1] 7. 19. 57,6 N. 19, 46 
„„ 5,6167. 59. 37, 87/46, 381. 11. 56| 2. 41. 46,9 N 49,62 
295 | Crateris/ | , | 4 168. 11. 23, 8 45,50 1. 12. 4b} 9. 34. 2654 8. 19,54 
296 | Leonis r | 4 1168. 58. 3, 5 46,47 11. 15. 524 4. 8. 57,6N|+ 19,60 
297 : 17. 35. 1, 7 46,45 rr. 22. 20 | 21. 53,0 N- 19,71 
298 | Crateris | 0 | 4 j171. 11, 42, 4 45,73 fl. 24. 47] 8. 30. 14,0S.|F19,75 
299 Virginis „ | 6 |171. 35. 4,9] 46,71 |j1T. 26. 20] 9. 25. 58,7 NI 19,77 
300 1| s 173. 17. 30, 0 46,60 ff. 33. 10 9. 34. 48,3 N|- 19,86 
301 „ | 5 173. 26. 57, 0 46, 52 1. 33. 47] 7. 49. 46, N= 19,87 
302 2 5 6 173. 57. 33, 3 46, 56 2. 35. 50 9. 32. 58,9 N. 19,90 
303 | 3 [174+ 36. 37, 8| 46,30. 1. 38. 27] 3. 5. 26,1N|>19,93 
| 394 | A'] 6 175. 44. 50, 0 40,48-|fI1. 42. 59 9: 45. 3,8 N 19,97 
305 b 5,6176. 58. 47, 0 46,9 11. 47. 53] 4. 57. 58,6 N 20, 
306 „5 177. 12. 30, 8 46,34 ||11. 49. 147. 
307 e | 5 178. 18. 35, 4 40,37 11. 53. 14510. 
| 308 r | 6 779. 24. 50, 80 46,22 1. 57. 390 3 
309 | Virginis s | 6 179. 31. 12,2| 46,24 ||11. 58. 
310 | n 6 j181. 39. 33, 9] 46,18 [[z. 6. 
311 n |3,4j181. 58. 22, 1] 46, 182. 7. 
312 | Cc | 3,4|182. 6. 20, 6| 46,15 ||12. 
313, | Corvi. 3 | 3 184. 59. 57, 60 46,68 ||12. 20. 
314 | Virginis q | 6 185. 25. 3, 8| 46,47 12. 21. 
3150 f | 6 186. IO. 39, 6| 46,37 12. 24. 43 
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eee — — h — 
1 3 1 
4 Y 2 | Right Annual Right | 
Im pr 8 5 Ascension | Variat. | Ascension 8 — 
of or the 5 8 in Degrees. + in Time. 5 Variation. 
Stars. | Constellations . | 7 29 IF | 
e e 1 ny = 294 | Me, „ . 0 . u. 5. 5 8. 
36 | 2:2 05 +]: 186. ago = Fl 40,47. 12. 27. gf} 6. 42. 7 $/+19,98 
- 317 [Virginie 1 3187,26. 46,24 [la. 29. 470. 9. 18,9 S|+19,95 
31 . © | 690] 1. * 3 12, 41. 110 3 16. 18,6 810,81 
139 — 4 3 1190. 32. 26, 3 46, 72 la. 42. 10 8. 15. 33,4 $|+19,80 
3% | 4 | 3 1190: 56. 47, J 48,89 fa. 43. 47] 4. 4. 5 N 19,78 | 
3214 KK | 6 [191. 53. 34, 046, 37 12. 47. 34 2. 32. 28,2 S|+19,72 
1 3221 8 K | © ſiga. 7; 30, 0 46,39 12. 48. 3ol| 2. 5. 58,1 8719,71 
3231 IM 5 5 193. 54. 20, 4.46, 98 [12. 55. 37] 9. 29. 38,3 8 1,58 
132417 43,4194. 27. 2, 346,58 f. 57. 49 4. 16. 37,4 S|+19,54 
326 . 97. . 18, 147,4 13. 8. 1 9. 4: 4,0 S\+19,32 
3266 J 2198. 12. 43, 4 47,29 |13. 1. 51]| 9. 55. 36,5 $/+19,20 
. 05% J* iv; 4 198. 38. 7, 80 47,49 |13- 14. 21111. 28. 33,3 8 10, 16 
328 1 6 199. 5818.8 46,80 13. 19. 47] 5. o. 39,8 8719,12 
32999 | 2: |.6:]200., 6. 10, 4 47,92 13. 20. 21014. 8. 43,2 $|+19,01 
| - 330- 2 þþ | '&; |-8 200, i 41. $5» 2þ 46,08 13. 22. 44} O. 36. 4055 — 18,93 
1537 45,7% 3: 4 m 6 202. 19. 40, f 4,19 13. 429. 19,| 7. 30. 97 ＋ 18,73 
| 3332 gon. 57+. 4, 5 48,31 13. 31. 51014. 52 8,2 8 18, 66 
333 5 1 2 b 17. 10, 1 48,72 13. 374 916. 13,7 1 a6 
334 | p | 6:2 39- 51, 2] 46,35 [132 42. 391] 0. 20. 7,8 8 118, 30 
(338 Fi” < s beg. 28. 16,3 47,50 13. 53. 530 7. 45. 33,1 8417,85 
— — — | hn _ 2 
336 4 IJ. 209. o. 47, 10 47,58 13. 58. 3 8. 10. 52,8 817,77 
333k [4 10. 5. 56, 9. 47,83 8 24 9. 10. 2,1 8 ＋1,59 
338 1. les. ene 34. 12, 6 47,05 14. 4. 50. 43,2 8117,51 
3394 2 [4 10. 55. 51, 3 47,6 f. 3 * 43] 4. 52. 9,4 81,44 
340 | 2 | 4 [a71: 36. 28, 0 48,4814. 6012. 16. 40,3 $|+17,33 | 
3414 9 | 4 14. 1. 48, 3 46,43 14. 705 71. 9. 38,9 8716,89 
1342 I 216. 7. 56, 6 48,35 14. 24. 32 IT, 17. 31,9 88 ＋ 16,48 
173483 Jie? | E. 417. 42 35, 9] 47-21-|14. 30. 42 4. 37. 27,9 | +16,16 | 
344 18. 31. 5, $| 49,55 14. 34 415. o. 8,2 8 16,00 
345 | Libre ISO 2H SS woes, 7 9, 9 49,1514. * 222. 29,5 8 ＋15,87 | 
13464 12619. 28. 59, 2 40,62 14. 37. 44014. 59. 17,7 $4+15,79 | 
| 347 | 224 27319. 28. 47, 1| 49,03 14. 37. 55015. 3. 1,2 $+15,78 
348 1E 6 220. 24. 50; 748,73 14. 41. 4010. 55. 37,0 S$|+15,58 
3491 24 E 6 2a. 0. 52, 448,54 14. 44. 3010. 28. 41,7 815,45 
350 3] & | 7 Pal. 22: 53, 7 48,58 14. 45. 3210. 11. 4250 N 5,37 
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Names 
of the 


I Constellations, 


* — 


opnnndex 


| = <Y OY '$19119T S,HIAVE 


Right 


Ascension 


in Degrees. 


221. 33. 16, 
222. 6. 46, 
222% 35. 35, 4 
223. 23. 27,9 
e 


28. 11741 oF | 


— 


. e- 


Scorpionis 
Libræ 


4 2 


ww 
2 


+ 


226. 5 
227. 52. 


224. $9. 41,9 
226. 8. 557 3 
329 


228. 45. 3% 4. 


229. 21. 53, 8 
229. 55. 18, 9 
230. 55. 28, 9 
232. 6. 47, 0 
232. 43. 20, 3 


234. 55. 58, 4 
235. 7. 12,1 
235. 36. 28, 3 
236. 10. 16, 8 


236. 15. 58, 5 


Scorpionis 
| 


237. 52. 


8 | Serpentis 


+ | aun 92 BY 


2 
on 


= 


Antares 
Serpentis 


Scorpionis 


* „ SG 


22 


= 


KY 


| ator [RO + [oem onn =» 


— 


236. 37. 12, 7 


237. 57. 11, 7 
236. 16, 30, 3 


238. 24. 575 


239. 28. 4 7 52,09 [ 5. 
241. 44 15, 1 $4442 10. 
242. 35. 48, q 52,47 |10. 
242. 52. 58, 5 53474 |10. 
243. 21. 33, 1 51,96 16. 


6 


Annual 


Right 


Variat. | Ascension 


2 


in Time. 


Declination. 


Annual | 
Variation, 


48,58 |! 


47,92 [14 


$2,31 }! 


49,97 [ 53 
51,21 14. 58. 


51,17 [14+ 59. 59 
48, 36 [15.7 + 
50, [15- 
8] 48,70 * 7 


$0,49 |! 


50, 50 [15 
50, 61 |I5. 


49,39 15 
0 51, 60 [15 


509,44 |* 


52,01 |15. 
$0,90 [I 5- 
$5,19 [15+ 


53,7415 
50,22 |15. 


52,9415 
49,41 [15 
52,09 15. 
52,40 [15 
52,48 13. 


243. 45. 38, 4 54,92 16. 
244. 25. 45, 4 51,41 10. 
244. 33. 35,8 

245. 19. 27,3 
247. O. 18, 5, 


$3413 10. 
55777 10. 
51594 ws by 
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* q 
: 1 
| . by 4 ght Annual] Right | 
Names 2 = | Fas : 8 3 I Anndal 
of the * E N N | 25 ; f : Declination. | Variation. 
A —= | 2 | in Degrees. + in Time. | 
Constellations. © | & 
8 tlie 1065 > 65 wat 
| Serpentis 6 252. 1. $8, 7 52,38 b 
Scorpionis 6 253. 2. 46, 7] 53,65 10 
Serpentis „2,354. 13. 49, Of 51,52 416. 56 Þ+ 599 
e 456. 44 3,9] 53,63 |t7. 6 ＋ 
9 | 3 256. 54. 1, 455,20 [17. 7 ＋5, 06 
Sagittarii . [57+ 39. 57, 253,82 |17. 10. +4474 
Serpeatis 6-1202. 9. 42, 5| 54, 12 17. 28. 3,21 
d | © 262. 20. 33, 5| 54,04 [17. 29. + 3,05 
Sagittarii 7 266. 56. 12, 8 52,36 [17. 47. Þ+ 1,89 
8 » | 4 267. 30. 18, 6| 57,57 [17. 50 +1,70 
* 2. 7 3,4267. 40. 51, 457,97 [17. 50. +1,04 
Sagittarii 1 | w | 4 269. 55. 46, 4 54,02. f. 59. | F0,51 
WIS. w 6 [270. 18. 5, 1] 53,80 [18. 1. +0,35 
9 3271. 29. 1, 4| 57,73.|18. 5 To, o 
6 z 72. 50. 26, 4] 53,76 18. 11 — 0, 49 
[a | 3 [273- 22. , 755,75 18. 13. o, 70 
Aquilæ m4 275. 36. 25, 2 49,15 18. 22. — 1,42 
Sagittarii IJ 1275+ 57. 33, 2 508 18. 23. — 1,02 . 
| IT 270. 13. I 3, 6| $3,95 |18, 24. 53 — I,/1 
7277. 35. 45, 5| $4447 18. 30. 23 2,19 
9 3,477. 44. 39, 056,41 |18. 30. — 2,24 
6 278. 55. 51, 6| 53,63 18. 35. — 2,71 
\ » | 5 [279- 59. 38, 5] $458 |18. 39. 59 — 3,02 
2,3280. 10. 19, 8| 56,06 |18. 40. — 3,08 
» | 5 |280. 13. 34, 10 54,55 |18. 40. — 3,10 
E | 5 280. 50. 36, 2] 53,74 18. 43. — 3,31 
# | © |280. 55. 37, 3] 53,92 |18. 43. 42 — 3,34 
& | 3 281. 54. 39, 5| 57,03 |18. 47. 39 — 3,05 
„ | 4 282. 39. 53, 2] 54,12 |18. 50. 40 — 3,82 
r | 4 [283. 4. 47, 7 56,60 18. 52. 19 — 4,07 
Aquilæ A | 3 283. 26. 43, 7 47,97 18. 53. 47 12. 50,8 8.] — 4,19 
Sagittarii r | 3 283. 56. 43, 4 53,81 18. $6, 47 22. 33,1-S.| — 4,38 
d | 6 285. 58. 14, 1] 52,97 19. 3. $3 20. 53,6S.| — 4,73 
e | 5 287. 0. 32, 5 52,52 9. 8. 98. — $542 
2e 6387. 2. 59, 3 52,70 [19. 8. 818. 43. 19,68 
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410% 8. 124 vg 


222 
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| Aaight 
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] Capricorni - 


| Capricorni 
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' Capricorni - | 


1 Aquarii  . 
Capricorn! 


* „ 1 * rss 


ha = ac 


a Mr. 
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Annual 


Variation. 


00 ee 
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* 


306. 31. 43, 4 5,75 


Go AO O ο [ooodd| ooo ˙ 


306. 39. 44, 0 57,74 
5. 40, 30 52, 69 

4 p- - 8, 8 4305 

309. 59. 29, 4 48,89 

| 51,40 


— —_— 


312. 45. 2, 8 51,79 
313. 10. 40, 6| 51,00 
313. 46. 1, 6| 52,09 
11. 40, 4| 49434 
315. 33. 22, 251,78 


— 
* 7 m — 


Aquarii 


Capricorni 


| Aquarii 8 


31 


—— — 


„ D&S. 'Dt 


+ S Own w S. 


317. 17. , Of 50,59 
318. 49. 20, 2 51,77 
319. 47. 45, 4 4/174 
320. 58. 22, 8| 50,92 
321. 18. 29, 748,17 
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|| Right Annual Right 
Numb. Names 2418 ; . 3 | Annual 
| a | Ascension Variat.] Ascension 3 | 
of of the 7 (=> :. 4 +, off {Pechiganon- :46Gon 
I 8. in Degrees + in Time. Vari — 
Stars. | Constellations | | * « © "= 
; 4 — 81 ————— — — . — CO 
f g J. M.'f' 6 26. 4. .. I Mn 8 1 
— —— — . — — ͤ— — ere 
456 | Capricorni 3 321. 45. 30% 5,17 al. 2. 2/17. 42. 4598( 15447 
457 1d 6 32. 11. 15, 5 4, 52 [al. 28. 45/]15. 5. 5581885 
458 * | 5 622. 22. 36, 30 50,63 21. 29. 3019. 55. 32, 8. — 15,60 
| 459 21 4 | 6 [322. 33. 20, of 49,58 [21. 30. 1315. 27. 51,78. — 15,04 
460 | Be Bud. 322. 47 22, 8] 49,04 a1. 31. 915. 49. 1,48. — 15,68 
461 d | 6 323. 6. 56, 0 48,38 ar. 32. 2810. 9. 51 8. 15,76 
462 5 323. 27. 58, f 48,85 ar. 33. 5212. 26. 10,8 8. — 15,83 
463 2 | 3 1323. 30. 39, 7] 49,91 af. 34. 377. 10. 52,6 8. — 15,84. | 
| 464 | © | 5 1325. 6. 57, 1 49,21 [21.: 40. 28014. 38. 47,05.|— 16,18: 
465 Aquarii o 5 327. 47. 23, 0 46,81 |21. 51. 100 3. 16. 42,2S.|— 16,71 
466 @ | 3 328. 25. 38, 6| 46,47 |21. 53. 43|| 1. 27. 6,2S.|— 16,85 
467 s | 4 1328. 25. 50, 1 49,00 21. 53. 4315. . o, o S. — 16,85 
| 468 e | 6 [329. 30. 39, 4 48,19 ar. 58. 312. 42. 42, 0 8.— 17,04. | 
| 469 8 | 4 j331. 6. 20, 9 47,74 zz. 4. 28 8. 56. 34,39.|— 17434 
| 470 e 856337, 57. 19, 7] 47579 2. 7. 49 8. 59. 33,88. — 17,48 
47 I 3 332. 22. 44, 46,62 22. 9, 3 2. 33 47,58 — 1787 
472 CT 46334. 10. 59 i} 46,39 22. 16. 44 1. 12. 48,9'S.|— 17,94 
473 „5 334. 32. 58, 6 47,01 za. 18. 1400/1. 52. 24,5 8 27 52 
474 v | 5 335. 27. 6, 2] 49,54 (22. 21. 4801. 54 26,2 S8. — 18,00 | 
475 = 2 4 335. 49. 14, 7| 46,39 2. 23, 17 1- 19. 13, 08. — 18,1 
476 2 x | 5 1336. 23. 42, 2J 46,97 [22. 25. 350] 5. 26. 4,88. — 18, 20 
477 | Aquaru 21 | 5 338. 48. ls 5] 4920 122. 35. 13||15. 18. g,1S.|—18,48 
| 479 4340. 5. 8, 2] 47,27 [aa. 40. 20 8. 49. 23,7S.|— 18,70 
480 2 | 3 6340. 32. 19, 3] 48,26 122. 42. 9 17. 3. $1,7S.|—18,75 
481 | Piſcium 8 | 5 [342. 58. 53, of 45994 (22. 51. 56 2. 33. 37,3 N|--19,05 
| 482 | Aquaru h | 6 343. 13. 33, 00 47,13 {22. 52. 54\| 8. 57. 36, 0 8.— 19,07 
483 7 343. 38. 37, 7] 47,1 zz. 54. 350 8. 57. 26,05.|— 19,12 
484 | 6 343. 44+ 39, 5] 411 fz. 54. 59 8. 57. 25,48 19,13 
485 Piſcium A | 6 344. 9. 45, 246,10 2. 56. 39 o. 51. 12,7N|-+-19,17 
| 486 | Aquarii | @ 4,5345. 32. 12, 9 46,84 ½3. 2. g 7. 18. 38, 5 8. — 19,30 
487 1] V | 5 645, 83. 31, 4 47,09 423. 3. 3410. 21. 52,99.|— 19,34 
488 x | 5 346. 9. 57, 0 46,98 |23. 4. 4009. O. 13, 3 8. — 19,36 
489 | Piſcium » | 4 1346. 14. 49, 3 46,03 23. 4. 59 2- o. 6,9 N 719,37 
490 | Aquaru 2 | i 5 346. 25. 12, 147,01 123. 5. 41/0. 27. 41,98. — 10, 39 
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f ' | | 
— Right Annual ighht 
Names =; - 4 : Variac Ping Ed 
of the © 8. e . SCENSION |] Declination, 
os 8 8 in Degrees. 4 in Time. 
Constellations. | = | & | 
2 | 0 
. 8. „ . . 
3 + | 5 346. 40. 56, of 47,02 |23. 6. 44||10. 53. 29,68. 
Piſcium b 45,6347. 5. 45, 1] 45,88 8. 230] 4. 6. 9,2N 
x | 5 348. 43. 8 7 46,20 23. 14. 53 
0 | 5 349. ©. 58, 0 45,87 16. 4 5. 31,5N 
6 1349. 21. 54, 7 46,34 I7. 28 
| 6 349. 58. 35, 8] 46,33 19. 54 
6 350. 31. 4, 8 46,34 39. | 4 
6 8351. 6. 6, 1] 46,16 24. 24 
0 [351. 58. 5, 9f 46,00 27. 82 
5 352. 30. 56, 1 46,18 30. 4 
5 353. 35. 56, 50 46,11 34. 24 
576353. 57. 58, 2 46,35 35. 52 
354+ 12. 8, 7| 46,20 36. 49 13. 21,1S 
6 354. 21. 30, 2| 46,20 37. 26 13. 23,08 
6 355. 12. 49, 6/46, 33 40. 51 27. 37,48 
6 15. 48, 446,18 41— 3 47. 6, N 
5 39. 40, 1 46,32 46. 39 
5 356. 48. 53, 6 46,10 47. 160 5. 33. 55,5 N 
5 357. 26. 46, 0 46,28 49. 47 
5 357. 28. 36, 7 46,32 49. 560 7. 19. 14,38 
5560357. 37. 3% 4] 46,09 50. 30 
357. 40. 2, 9] 46, 12 50. 40 
8. 15. 25, 7] 46,23 £3. 3 
358. 19. 40, 2| 46,27 53. 19 
359. 2. 47, 9] 46,22 56. 11 
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S 
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g Pheœnicis 


B Andromedz 


» Ceti-7 ++. | 
Caſſiopeiæ 


9 Cett 


«y Phoenicis 


* Eridani ; 


4 
— — —Pé— 


Caſſiopeiæ 


& Triang. bor. 
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8 Arietis 

y Andromedz| 


OOO 
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— — 


4 Hydri 


* Arietis 


B Triang. bor. | 


Y Triang. auſ. 
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9 Ceti 

« Cet1 

7 Cet! 
Lilii bor. 


Lilit auſ. 
Y Perſe1 
Er idani 
* Ceti 
g Meduſe 
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44,4 N 
13,8 N 


4,08. 
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| | N W | 
| ight | Right Annual 
Numb. i Names = | IO i LO . 5 s 2 ons 
and-Places 8 i anne | | P, FEY Declination. Variation. 
x 1 7 | in Degrees. in Time. _— T3 | 
| Stars, | of the Stars. | & 3 1 1 hn 
3 1 u, . f. . b M. 8. # 
36 2 Eridant | 41] 20 58, 8 5 30 5 219 2 1 55 = 14,07 
$4. [10401 3 | 45+, 55˙ 39, 1 3+ 3. 43 22 128. — 13,93 
| 38 4 Perſei | 24 39. 22, 5| 3. 6.37] 4,19 4 2 56. 46,0 N 13,74 
39 « Eridani 350. 17. 32, 0 3. 21. 100 2,89 10. 19.7 12,08. — 12, 79 
40 2 berſei . 33, 3] 3: 25: 14] 4417 . 57. 40;0.N +12952 
461. * "Eridani 2 1.3 3. 31. 18]. 2,88 10. 37. 32,08. — 12, 10 
42 „ Pleiadum | 3 3. 32. 400 3,54 23. 18. 35,8 N＋ 12,01 
43 [& Ferſei 3 3» 38. 280 3,72 31. 7. 2,6N|+1 1,60 
44 [ Perſei 3 3» 41. 10] 3,94 38. 15. 41,0N|+11,41 
45 P Eridani 3 3. 46. 23] 2,79 4. 14. 27,68. — 11,02 
46 „ Hydi 4 3. 51. 7 74.59. 55,98. — 10,66 
47 r adum | 3 6,2] 4. F. 36/7 3,39 f. 9. 6,8 N ＋ 9,59 
* rem 4 17,3] 4 8, 33 3:44 (. 56. 2,8N|+ 9,35 | 
|-« Reticuli-, | 3 11,80 4. 11. 17] 0,74 63. 6. 10,387 $5 
| | + Taupe, 3 4 4+ 14. 3 3,48 ||18. 2 36. 13, N|Þ+ 8,93 
2 | Aldebaran WY 4, 0 4. 21, 36 3,43 15. 59. 3, N ＋ 8,33 
.« Doradis | 3 1947] 4+ 28, 37] 1,28 55. 34. 12,9S.|— 775 
6 Eridani 3 44,00 4. $5: 35] 2295 || 5+) 25- 49,2S.|—, 5,56 
Capri 56, 5 4. 58. 16 4.4 45. 42. 36,7N|+ 933 
Rigel | 12, 0 5. 2.33], 2,89 || 8. 30. 3548 — 4,97 
18 Tauri | 2 5. 10..30| 3,78 [zs. 22. 6,2 N 4,29 
v Orionis 2 2,2] f. 11, 44] .3,22 || 6. 5. 55,7N|+! 4,19 
„ Orionis | 3 5. TI. 55 3,02 f| 2. 38. 56,95.|- 417 
s Leporis | 4 5. 27. 33] 2458 0. 58. 43,1S.|— 3,69 
| Onions, , | 2 5. 19. 16} 3,07 || ©. 30. 22,8 8.|— 3,54 
"# « Leporis 3 i ze N, 43} 2,05 18. 1. 10,08. — 3,34 
; | & Tauri | 3 | $0. 40. 5» 22. 43] 3,88 0. 57. 5$2,7N|+ 3,24 
s Orionis | 2 | Bo. 53. 11, 1} f. 23. 33] 3,05 || 1. 23. 1,2S.|— 3,17 | 
7 Orionis | 2 | 82. 2. 33,5| 5. 28. 10] 3,04 || 2. 5. 48,9S.|— 2,77 
« Columbz . | 2 | 82. 39. 12, 2| 5. 30. 37| 2,20 34. 13. 22,7S.|- 2,56 
B Doradis | 4 | 82. 52. 17, 5| 5. 31,.19| 0,50 62. 39. 29,75.|— 2,48 | 
vy Leporis 4 | 33. 30. 43, 2 5. 34. 3| 2453 22. 32. 58,7S,|— 2,26 
x Orionis 3 | 83. 58. 48, 2 5. 35. 565} 2,85 || 9. 46. 38,3S.|- 2,10 
9 Leporis 4 | 85. 8. 46, 0 5. 40. 35 2457 20. 55. 16,1S.|— 1,08 | 
B Aurigz 3 | 85. 17. 57, 80 5. 41. 12] 4,41 A4. 53. 65 NUN 1,04 | 
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2 | 

Numb, Names - 2-98 | Os | —_—_ | | | 
2 Ascension Ascension | Variat, 1 Annual 

of and Places [E. a Declination. . 

& | in Degrees. in Time. | + |] Variation. 

Stars. | of the Stars, | & | * 5 237. 
* 9 — 

„ „ $ „ . „ . | 8. | 

71 [a Orionis I | 85. 24. 46, 20 f. 41. 300 3,25 || 7. 20. 10,6N|+ 1,60 

72 Columbæ 3 | 85. 32. 30, 4| 5. 42. 100 2,11 35. 52. 40, 3 8.— 1, 65 

73 | 0 Aurige 385. 40. 8, 5 5. 42. 4 4,0837. 9. 1 N 88. 

74 | » Caſtoris 4 | 89. 56. 36, 3] 5- 59. 48] 3,63 zz. 33. 15,5N|4- 0,02, 

75 u Pollucis 491. 58. 25, of 6. 7. 544 3,63 (22. 30. 50, N — 0,07 ö 

76 [C Canis maj. | 3 | 92. 40. 58, 9] 6. 10. 44] 2,31 ||29. 58. 11,8S.|+ 0,94. 

77 [B Canis maj. | 3 | 92. 55. 25, 3| 6. 11. 42] 2463 7. 51. 17,48 1,02 

78 Canopus 1 94. 36. 7, 6] 6. 18. 25| 1,34 62. 34. 8,98. ＋ 1,60 
79 | Pollucis | 3 | 95. 48. 54, 7| 6. 23. 16| 3,48 16. 35. 16, N — 2,02 

go | « Caſtoris | 3 | 97. 8. 9, 0 6. 28. 33 3,71 25. 21. 22 2,49 

8r | » Navis 3 | 97. 31. 44, 4 6. 30. 7| 1,84 42. 59. 25,2S.|+ 2,62 

82 Sirius 198. 32. o, 30 6. 34. 8] 2,6916. 23. 36,68] ＋ 2,97 

83 | « Canis maj. | 3 102. 12. 7, 2| 6. 48. 48 2,36 a8. 38. 59,6S.|+ 4,23 

84 [S Pollucis 3 |102. 18. 49, 4| 6. 49. 15 3,58 20. 54. 45,1 N|—- 4,27 

95 | 3 Canis maj. | 2 [104. 33. 26,8| 6. 58. 14] 2,45 26. o. 56,18.|+ 5,03 

86 | 9 Pollucis 3 106. 17. 26, 4 7. 5: ＋ 3,61 ||22. 25. 8,5 NI— 5,61 

„ Nan | 3 1107. 4-440] 7- B. 19] 2:13 58. 39. 4448+ 5,88 

88 [6 Canis min. | 3 108. 23. 46, 5| 7. 13. 35| 3,27 . 46. 20,2 N|— 6,32 

89 | » Canis may, | 2 108. 33. 3, 9 7. 14. 12| 2,39 28. 49. 59,7S.|+ 6,37 
go | « Caſtoris | 2 |109. 39. 2, 7 7. 18. 36] 3,8732. 24. 34,5 N— 6, 73 

g1 Navis 3 (110. 19. 40, 5| 7. 21. 19 1,94 42. 48. 25,0S.|+ 6, 96 

92 Procyon 1 |111. 32. 50, 4 7. 26. 12] 3,21 8. 50. 42,5 N— 7,37 

93 | B Pollucis 2 |112. 29. 45, 6| 7. 29. 59 3,75 ||28. 36. 22,5N|— 5,66 

94 & Navis 2 118. 42. 4, 5| 7. 54. 480 2, 12 39. 18. 39,5S.|+ 9,62 

9 Navis 2 120. 27. 48, of 8. 1. 510 1,85 46. 36. 34,98.|+10,16 

96 | Caneri 4 |120. 44. 4, 3 8. 2. 56 3,19 | g. 56. 750 NI 10,23 
97 Navis 3 124. 20. 10, 7| 8. 17. 21] 1,26 [[58. 42. 52, 5 8.11, 30 

98 | Aſini 4 127. 11. 42, 2| 8. 28. 47] 3,52 22. 20. 59,3N[— 12,11 
99 | 9 Afini 4 127. 36. 43, 4| 8. 30. 27] 3,44 9. 3. 22,0N|— 12,22 

100 [Navis 2 129. 27. 5 of 8. 37. 480 1,61 53. 48. 2,18. 12,73 
101 | Urſæ maj. | 3 130. 29. 7,9] 8. 41. 57] 4,25 48. 59. 58,7 NI - 13,00 
102 | « Cancri 3 130. 32. 21, 3| 8. 42. 9g 3,31 ||12. 48. 33,5N[—13,o01 
103 „ Urſz maj. | 4 |131. 36. 28, 0| 8. 46. 200 4,20 1148. 7. 16, 6 N- 13, 30 
104 | a Navis 3 134. 42. 17, 7] 8. 57. 40 2,21 |[42. 26. 4,iS.|+14,09 
o | Bf Navis | 1 [137. 35. 26, o] 9. 10. 22 0,75 68 41. 26,5 8.414,79 
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M. Ds 1.4 CAILLE's CATALOGUE OF THE PRINCIPAL STARS. 


Declination. 


| 8 Corvi 


4 | = Right Right 

[Rk e 18 Ascension Ascension 

of and Places = a ö 5 

| in Degrees. in Time. 

Stars. of the Stars. 5 | 

| eur Fo 

106 Navis 3 36. 3, 3] 9- 10. 24 
107 | x Luc. Boreal.| 3 35. 52, 9| 9. 14. 24 
108-| a Hydre | 2 49. 40, 0] 9- 15. 19 
109-| 8 Urſæ maj. 3 138. 59. 39, 2 9. 15. 59 
110 [ Leonis 4 141. 56. 46, 0 9. 27. 47 
111 Leonis | 3 ; 54. 6, of 9. 31. 36 
112 [% Leonis 3 37. 21, 0] 9. 38. 29 
113 | v Navis J 3 - 12, 41, 2] 9. 40. G1 
L114 | » Leonis 3 24. 53, 8] 9. 53. 40 
115 Regulus I 456. 26, 00 9, 55. 2 
116 | Leonis 3 40. 55, 010. 2. 44 
117 Leonis 3 $3. 8, o 6. 0 
118 | e Leonis 4 54. 20, 0010. 19. 37 
119 6 Navis '3 31. 34, 9/10. 34. © 

120 Navis 2 Fl. 29, 3019. 35. 2 
121 u Navis 3 1. 117,4 10. 36 5 
122 6 Urſæ maj. | 2 38. 26, 5010. 46. 34 
123 | a Crateris |} 4 - 54. 13, 7/10. 47. 37 
124.| a Urſæ maj. | 2 o. 45, 1010. 48. 3 
125 | Leonis 3 þ 11. 27, 211. o. 46 
7 126 0 Leonis 29 | $0. 1%; 1187-0 6 
I27 f Leonis 2 „ ll, 46. 23 
128 8 Virginis 3 25 F,. 37. 40 
129.} y Urſe maj. | 2 8. 7, IjI1. 40. 32 
130 | F Centaureæ | 3 178. 51. 51, 411. 55. 27 
131 | Cori. 4 78. 53. 37, 411. 55. 34 

.. 132 | Corvi 4 19, 46, 111. 57. 1 
133 | rucis 3 $0: * 34s 7112 . 2 
134% Urſæ maj, | 2 43. 47, 3 12. 2. 55 
135 | y Corvi. 3 44. 44, 5/12. 2. 59 
136 | » Virginis | 3 | 46. 48, 112. 7 71 
137 | @ Crucis |. 1 13. $3, 7142- 12> $0 
138 | Corvi 4 14. 20, 612. 16. 58 
139 | y Crucis 2 28. 35, 0112. 17. 54 
140 3 19. 30, 9/12. 21. 18 


Annual 


Variation, | 
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B | | -| 1 | | ava OT | Annual! 
Numb. Names 8 Ascension b Ascension rlat. Dociiaation. F 
of and Places 2 in Degrees. in Time. + 
Stars, of the Stars. E 2 —1— 
R „ „„ O | 
141 | Corvi | 4 |185. 38. 41, 6/12. 22. 35] 3,42 |[67. 46. 17.28. +19,94 
142 | y Centauri 2 186. 57. 53, 8012. 27. 52] 327 [[47. 34. 52,98. ＋ 19,89 
143 | Virginis 3 [187. 15. 7, 2|12. 29. of 3,08 [o. 4. 22, 38. ＋ 10,88 : 
144 6 Virgins 4 [187. 48. 53, 4/22. 31. 160 3,52 66. 44. 6,1S.] +19,84 | | 
145 [ Crucis 2 188. 19. 40, 1j12. 33. 179 3,42 [58. 19. 8,3S.] +19,83 | | | 


t 


3 | . | 

146 | = Uriz maj, 190. 44. op 42. 56] 2,69 ||57. 19. 15,1N|— 19,69 
147 | 9 Virginis 190. 45- 18, 1/12. 43. 1] 3,00 || 4. 45. 43,2 N|— 19,69 
148 Luc. ſub Urſ. m. 191. 4. 20, 0012. 44. 17] 2,86 39. 40. 25,8N|— 19,66 

| 149 | « Virginis 192. 25. 51, 8|12. 49. 43] 3,01 12. 18. 34,3 N- 19,57 - 

150 | 6 Virginis 194. 15. 26, 212. 57. 2] 3,09 || 4. 11. 47,2S.|+ 19,41 | 

181 „ Hydræ 196. 20. 46, 613. 5. 23] 3,22 ||21. 50. 43, 8 8. ＋ 19,22 

| 5 ; Contiant 196. 39. 27, 613. 6. 38] 3434 [[35. 23. 6, 68. ＋ 19,20 
' 153 | « Virginis 198. ©. 51, 413. 12. 3 3,15 || 9. 50. 51,1S.|+19,06 


1198. 20. 53, 8013. 13. 48] 2,45 56. 14. 12,2 N|— 19,01 
200. 29. 37, 0013. 21. 58} 3,08 [o. 4r. 27,5N{— 18,77 


201. 3. 30, 4j13- 24. 14 3,69 52. 10. 55,20. +18,70 
204. 24. 58, 6113. 37. 400 2,41 ||50. 34. 5,4 N- 18,24 
205. 1. 14, 6013. 40. 5 3,06 (46. 2. 38, 3 8. ＋18, 15 
205. 41. 34, 1013. 42. 460 2,88 19. 39. 45,0N|— 18,06 
206. 36. 41, 8013. 46. 27] 4, o9 [59. 9. 1,8 8. 17,91 


207. 59. 57, 5013. 52. of 3,52 35. 7. 349S.|+17,69 | 
209. 24. 28, 713. 57. 38] 1,50 ||05. 34. 32,5 N 17,45 
209. 53. 57, 8013. 59. 36] 3,19 ||| 9. 5. 43,3S.|+F17,37 
211. 4. 1, of14. 4. 16f 2,82 |j20. 29.. 30, N- 17,16 
211. 24. 18, 414. 5. 3 3,22 [[12. 12. 29,0S.|+17,20 
214. 56. 9, 1/14. 19. 45] 3,75 |[41- 2. 28,8 8. ＋ 16,43 

— 


215. 29. 555 514. 22. of 24,43 [38. 24. 19,0N|— 16,31 
215. 39. 45, 4014. 22. 30 4,08 [63. 51. 48,2 S. ＋ 16,20 
215. 42. 31, 1014. 22. 500 4441 [59. 47. 9,4S.| 16, 26 
210. 21. 48, 0014. 25. 27] 3,89 j[40. 17. 40, 18. ＋ 16,74 
217. 18. 14, 614. 29. 13]. 2,86 4. 48. 52,2 N- 15,3 
218. 32. 15, 814. 34. gf 2,03 [28. 8. 27,0 Nj— 15, 67 
219. 16. 20, 914. 37. 5 3.30 24. 50. 9,7 S. ＋ 15,5 
220. 34. 6, 614. 42. 10| 3,80 j[42. 6 6 
220. 45. 12, 714. 43. 1 3,84 ||4!. 4. 45,0S.|F15,17 
222. 22. 28, 514. 49. 300 3,48 ||24. 16. 

222. 6. 42, 314. 51. 43] 2728 1756. 10. 


254 | & Urlz maj. 
155 & Virgins 


156 | « Centauri 
157 | » Urſz maj. 
158 [& Centauri 
159 | » Bootis | 
160 Centauri 


Dd ww Bw [wHPepe nww [www Þ 


| 


161 | 0 Centauri 
162 | Draconis 
163 Xx Virginis 
164 Arcturus 
165 | a Virgins 
' 2166 | Centauri 


167 | y Trionum 
168 | &« Circini 
169 | Centauri 
Fed 70 2 Lupi 

171 | C Trionum 
172 | Trionum 


I73 | & Libre 
I 74 2 Lupi | 
175 | x Centauri 

1760 | y Scorpions 
| 2777 | 8 Urſæ min. 
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M. Dr La CAILLE's CATALOGUE OF THE PRINCIPAL STARS. 


* F | . N 7 | 
Right Right [Annual | 
| Numb. Names 8 Ascension Ascension Variat. Declinaticn. Annual 
E . z T. Variation. 
j of | and Places = | in Degrees, in Time. + | : 
| | z KM 
D stars. of the Stars. | F — — — - 
EY 1 „ .. „ {i Mu . E 8. 
178 6 Trionum | 3 [223. 8. o, 0{14. 52. 32) 36,00 [[41. 23. 15,7 N- 14, 62 
179 | y Trian. auf. | 3 |224. o. 2, 8/14. 56. of 5,29 67. 43. 32,3S.|+14,40 
180 | 8 Libre 2 my 53. 5, 215. 3. 35| 3930 8. 26. 309,5S.|+13,94 
181 | Trionum 3 226. 23. 12, 5|15, 5. 33] 2, 44 34. 15. 40,8 N- 13,82 
182 | y Lupz [3 229. 38. 36, 215. 18. 34] 3,94 40. 18. 4, 68. ＋ 12,97 
183 | Draconis 4229. 51. 2, 1015. 19. 24 1431 9. 50. 54,3 N¶— 12,91 


184 7 Urſæ min. 3 (230. 19. 58, 5015. 21. 20 22,00 z. 43. 2,9 N- 12,79 
185 | Libræ 4 230. 23. 42, 6015. 21. 35] 3,34 13. 56. 10, 48. 12,77 
186 [ Serpentis 3 230. 43. 9, 0015. 22. 53] 2,87 ||11. 23. 32,0N|— 12,68 
187 | a Corone 2 |231. 1. 40, 2015. 24. 2,05 |\27. 34. 18,2 N|— 12,60 | 
I 4 Serpentis 3 232. 59. 39, 8|15. 31. 50 3,01 || 7. 13. $0,5N|— 12,06 


| 189 | 8 Trian. auf. 
190 | 8 Serpentis 
191 | e Serpentis 
192 | e Scorpionis 
193 | x Scorpionis 


233. 20. 42, 101 6. 33. 23] 5,06 ||62. 37. 34,2S.|+11,90 - 
233. 39. 52, 015. 34. 39) 2470 é. 13. 16,9N|— 11,87 
234. 35. 30, 215. 38. 22 2,98 8 14. 56,2 N|— 11, 62 
235. 22. 40, 515. 41. 31] 3,68 ||28. 27. 

235. 56. 38, 8015. 43. 47] 3,60 [z 5. 22. 18,78. 11,32 


1947 Serpentis | 3 |236. 13. 52, 5/15. 44. 55| 2475 4. 29. 4, N- 11,14 
- | 195 | 3 Scorpions 236. 23. 52, 215. 45. 35| 3,52 ||21. 53. 1,68. 11, 9 


196 | 8 Scorpionis 
4 197 | y Scorpionis 
198 | 8 Draconis 


199 | Ophiuchi 
200 | « Ophiuchi 
201 | Scorpionis 
| 202 | »y Herculis 

5 203 Antares 


8 Herculis 
205 | Scorpionis 
206 | n Draconis 

207 | & Trian. auf. 


| 208 F Ophiuchi 


a 209 [s Herculis 
210 [ Scorplonis 
211 | » Herculis 
212 | Scorpionis 
213 | & Scorpionis 


ww ...4 2 2 


237. 44. 7 418. 90. 560 3,50 19: 5. 5552 S.| ＋ 10,69 
239. 18. 57 401 5. 5 
239. 18. 


240. 18. 58, 8016. 1. r0 3,14 || 3- 1. 46,3S.|+ 9,92 
241. 16. 51, 216. 5. 7 | 6 
241. 30. 40, 716. 6. 3 3,02 ||24. 58. 2,9S.|+ 9,56 
242. 43. 30, 816. 10. 54] 2,6619. 45. 29,0N|— 9,18 
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M. Dz 1a CAILLE's CATALOGUE OF THE PRINCIPAL .STARS. 


L 5319 Þ 


— 


—— 


Right Right POR } 
Numb. Names S Ascension | Ascension | Variat. 8 Annual | 
of | and Places | | in Degrees. | | Variation] 
Stars. of the Stars. 8 
; x Du. Mc. . MR Me 8 5. 
214 Herculis | 3 252. 40. 52, . 18. 41,6N} — 596 
215 | » Scorpionis | 3.[253. 34. 34, 1 42. 52. 39,2 8. + 5,66 
216 |-» Ophiuchi | 2 54. o. 53, 9 15. 23. 28,4S.| F552 
217 [& Herculis 2 255. 48. 49, 2 14. 41. 44, 5 NI — 4,91 
218 | 9 Herculis 3 2 56. 26. 36, 4 « 9. 4, N — 4409 
219 | 06 Ophiucht | 3 256. 40. 11, 2 24. 43. 20,68.| +4401 
220 | a Are 3258. 8. 27, 49. 38. 31,88. 4,12 
221 | Scorpionis 4 258. 27. o, 3. 55798. ＋4, 01 
222 AN Scorpionis 3 59. 9. 59, 4 . 53. 28,68. +3,77 
223 | 8 Scorpionis | 3;|259. 50. 56, 1 48. 23,2 8. 3353 
224 | Ophiuchi | 2. |260. 50. 5, 3 45. 47,9N| — 3917 
225 | & Draconis | 3 261. 12. 6,8 . 29. 44, NI - 3,06 
220 | Scorpionis | 3 261. 18. 19, 3 52. 14, 68.] +3,03 
227 Scorpionis 3 262. 31. 53, 5 . 59. 40,0 8. ＋2, 60 
2288 Ophiuchi | 3 262. 46. 55, © . 41. 40, 6NI —2,52 
229 Ophiuchi 3 63. 50. 35, 2. 49. 28,3 N —2,15 
230 Herculis | 4 264. 10. 9, 5 53. 3,0 N — 2, 03 
231 | C Serpentis 4 266. 49. 26, 9 38. 56,38 1.11 
232 | 6 Herculis 3 266. 55. 25, 6 . 17. 56, 4N — 1,08 
233 | * Sagittarii | 4 267. 20. 21, 5 53. 23,7S.| 0,89 
234 | y Draconis | 3 267. 42. 3,0 - 31. 37,9N| —0,80 
235 . Sagittarii | 4 269. 42. 12, 5. 56,98.| —0,10 
236 | 9 Sagittary | 3 271. 14. 31, 54. 18,4S.| —0,43 
237 | + Sagittaru 3 271. 53. 39, 7 . 28. 17, 48.] — 0, 67 
238 | A Sagittarii | 3 [273. 8. 5, 2 31. 57,4S.] — 1,09 
239 | « Lyræ „ 7% HQ 34. o, N ＋2, 48 
| 240 0 Sagittarii | 4 277. 30. 26, 7 . 13. 13,08.| —2,61 
241 | Sagittarii | 3 279. 56. 13, 4 34. $1,0S.| — 3,45 
242 8 Lyræ 3 280. 12. 47, 3 5. 23,4N| +3355 | 
243 | 0 Serpentis 4 280. 56. 51, 2 . 54. 6, NI +3,80 
244 9 Lyræ 3 281. 26. 36, 3 a 35. 48,6 N ＋3,97 
245 | 2 Sagittarii 3 281. 40. 16,6 12. 36,08. — 4,06 | 
246 | Aquilæ 14 282. 4. 1, 5 44. 56, 1 NI +4,18 
247 y Lyre 3 (282. 23. $44 3 21. 49,0N| +429 
248 | o Sagittaril 4 282. 26. 19, 1 5. 0, 88.] — 4,31 
249 | 7 Sagittarii | 4 282. 49. 38, 3 o. 30,6S.| — 4,45 
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284 | B Aquarii 


Right Right 
Numb, Names - . 
2 Ascension Ascension 
of and Places. 8 . 19 
n , . 
Stars. | of the Stars. — MM 3 
0 2 Iv. x. 5. n. * 
250 | C Aquilz | WS 283. 28. co, 4118; 63. 55 
251 | Sagittarii | 3 83. 35. 45, 4118. 54. 23 
252 5 Sagittarii 4 286. 9. 8, 719. 4. 37 
253 | & Sagittaru | 4 286. 37. 43, 3019. 6. 31 
254 | w Dracoms 3 288. 6. 23, 0019. 12. 26 
25 2 Aquilæ | 3 288. 13. 24, 719. 12. 54 
250 | 8 Cygni  3(]290- 9 25, 319. 20. 38 
257 | Antinoi 4 290. 58. 30, 619. 23. 54 
258 [a Sagittze 4 292. 14. 1, 0019. 28. 56 
259 | y Aquilæ 3 293. 35. 30, 2/19. 34. 22 
260 | 3 Cygni 3 294. 17. 28, 419. 37. 10 
201 | @ Aquile | 2 294. 38. 46, 719. 38. 35 
262 | » Antinoi 4 294. 55. 55, 0019. 39. 44 
263 f Aquilæ 3 295. 4. 31, 0/19. 43. 2 
204 | Pavonis 4295. 58. 55, 019. 43. 56 
205 | & Capricorni 3 301. 2. 24, 30. 3. 46 
266 | & Pavonis 2 (301. 25. 20, O20. 5. 41 
267 | 8 Capricorni | 3 301. 44. 3, 020. 6. 56 
208 | Cygni _ | 3 303. 18. 50, o zo. 13. 15 
209 a Indi 3 304. 57. 56, 9j20. 19. 52 
270 « Delphini 4 305. 18. 56, 4/20. 21. 16 
271 | 8 Pavonis 3 305. 31. 18, 6020. 22. 5 
272 | & Delphini | 4 3085. 54. 17, 820. 23. 37 
273 | Þ Delphini | | 3 306. 27. 34, 30. 25. 50 
274 | @ Delphini | 3 307. 0 22, 2/20. 28. © 
2753 Delphini 4 307. 56 44, 9120. 31. 47 
270 | «a Cygm | 2 308. 13. 38, 5120. 32. 55 
277 | Delphini | 4 [308. 46. 3, Oo. 35. 4 
278 | « Cygl 3 309. I. 19, 620. 36. 5 
279 [& Cygni 4 315. 34. 26, 4/21. 2. 18 
280 [& Equulei 4 315. 49: 36, 0/21. 3. 18 
281 | y Pavonis 4 316. 21. 5, 21. 5. 24 
| 282 e Pegaſi 4 1317. 37. 25, 32 1. 10. 30 
283 | « Cephei 3 318. 8. 41, $21. 12. 34 
3 319. 35. 53, 71. 18. 24 
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| Annual 


Variat, 


* | + 
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Declination. 


Annual 


| 


Variation. 
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os IT 4 1 
xigh | | igh Annual] ä 
Numb Names = = : Rig 5 | Vas NES + 
of and Places . ee | 4 5 I Declination. | nne, 
Stars. | of the Stars. 8 d e Worm A 
N Hos SY 1 SORRY RY * r 
Len 1 „ 4 No 
285 | Þ Cephei 4 321. 19. 34, 4/21. 25. 180 0,81 69. 27. 54,8 NT 5,4 
286 [„ Capricorni | 3 321. 27. 12, 5 1. 25. 49 3,35 17. 46. 42,08. — 15,66 
287 | « Pegali | 3 322. 58. 21, 6% 1. 31. 530 2,95 || 8. 44. 20,8 NT, 
288 | Cygni | 4 323. 14. 41, 1/21. 32. 59 24 [[J. 37. 24, 1N + 16,05 
289 | 3 Capricorni | 3 323. 18. 8,621. 33. 13 3,33 ||17. 14. 48,38. — 16,00 
290 y Gruis 3 [324. 40. 33, 5|21. 38. 42| 3,70 [[38. 31. 28, 78. — 16,35 | 
291 | Gruis 2 328. 5. 7, 7(21. 52. 21| 3,98 48. 9. 21,48. 17,009 | 
292 | « Aquarii 3 328. 14. o, 6|21. 52. 56| 3,10 || 1. 31. 25,98. 17,03 
| 293 [4 Tucanz 3 330. 16. 46, oſ22. 1. 7| 4,31 ||61. 29. 34,08. 17,40 
294 | Aquarii 3 332. 11. 5, 622. 8. 44| 3,09 || 2. 38. 13,55. 1771 
| 295 | 8 Gruis 3 336. 54. 3, 2122. 27. 36| 3,08 |[48. 10. 51,08.|— 18,43 
296 | & Pegaſi $3833. .-14-..4% 9122. 28. 5g 2,99 || 9. 32. 4,3N|+18,46 | 
©. $07 „ Pegaſi 3 337. 49. 37, 7/22. 31. 18] 2,80 ||28. 55. 14,5 N＋ 18, 5 5 
298K Aquaru 4 339. 53. 27, 8022. 39. 34] 316 |] 8. 54. 8, 28. — 18, 82 
299 | 9 Aquaru 3 340. 20. 14, 622. 41. 21| 3,22 ||17. 8. 30, 98.[— 18,87 
| 300 | Fomalhaut | 1 340. 56. 41, 7122. 43. 47 3434 (30. 56. 24, 8 S-|— 18,94 
| 3o1 | «© Andromedz| 4 342. 36. 49, 022. 50. 27| 2,72 ||40. 59. 22,0N|+19,12 
302 | 8 Pegaſt 2 342. 55. 14, $|22. $2. 410 2,89 26. 43. 52,7 N|T19,15 
303 | « Pegaſi 2 4. 52. 20] 2,99 13. 51. 56,0N|+F19,17 
304 | Aquarii 4 - T7. 22] 3z13-]| 7. 23. 31,2S.|— 19,38 
305 [„ Cephei 4 ; 29. 1 2,31 ||76. 14. 11,0N|+19,86 | 
306 | « Andromedæ 2 44, 123. 55. 31] 3,06 ||27. 42. 32,1 N|F20,04 
| 307 [8 Caſſiopeiæ 3 41, 4/23. 55. 59] 3,04 56. 46. 7, N20, 04 
| 5 
| 
1 
| 
3 
g 
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THESE Catalogues of M. de la CAILLE were taken ho” the Ephemerides 
des Mouvemens Celeftes, from 1765 to 1775. The right aſcenſions in the ſecond 
Catalogue were determined by taking equal altitudes with a quadrant of three 
feet radius; but this method of determining the right aſcenſions is leſs exact 
than that by the tranſit inſtrument, The declinations in each Catalogue were 
deduced from the meridian zenith diſtances obferved with a quadrant of ſix feet 
radius. The right aſcenſions in the firſt Catalogue were ſettled with a tranſit 
inſtrument, by compariſon with the ſtars in the Fundamenta Aſtronomiæ; but 
the right aſcenſions of the ſtars in the Fundamenta Aftronomiæ having been ſettled 
by equal altitudes, the Tight aſcenſions of the ſtars eee with _—_ muſt 
be ſubje& to the ſame inaccuracy, | 
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ADAPTED FOR THE BEGINNING OF THE YEAR 1800, 
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ZACH's CATALOGUE OF THE PRINCIPAL STARS. 


* 


*opnn1uZegy 


of the Stars, 


Right 
Ascension 
in Time. 


Right 
Ascension 


in Degrees. 


88 y Pegafe 


I 15 xz Caſſiopeiæ 
Caſſiopeiæ 
Andromedæ 


[o. 9. 13,51 
. 25. 63,03 


185 4 Caſſio 

16 f Ceti pee 
24 * Caſſio 
633 Filet 


—.— — 


1 
o. 2. 56,79 
45,12 
28. 39,02 
. 14,40 
O. 33. 31483 
1,44 
.. 19,08 


| © 4 44175 


71 « Piſcium 
5 8 —— 


1 


0 52. 33,0 


8. 34,23 


59. 0,22 


16, 99 


. 12. 50, 58 


4 # Piſcium 

102 x Piſcium 
106 » Piſcium 
110 0 Piſcium 
45 « Caſſiopeiæ 


28 
— 
. = 


I. 19. 42,07 


« 30,70 
1577 


34. 50,72 


. 10,01 


95 7 Ceti 
2 4 Triang. bor. 3, 


vil Arietis 


9 a Arietis 


. 36,69 


42574 


. 42. 3752 
43. 30,77 
. 40. 48, 86 


57 y Andromedæ 
* prac. a VY | 
13 4 Artis 
* ſeq. a 
22 9 1 Arietis 


. 51, 41,05 
50. 20,15 
* $5. $5427 

59. 38,13 


1,64 


68 oO Ceti (var.) 
42 1 Arietis 
43 „ Arietis 


1470 
9,29 


8 4 28,09 
29. 14417 
29. 53,42 


« 15,76| 54423 
30. 32,25 
. 49,05| 59,02 
31,95 
24,55 49,02 


15 
Annual 
Variat. 
Declination. 
+ 
bee 8. | D . 
11,89 45295 14. 4 N. 
22,66 45489 || 9. 57 S. 
16,75 49,51 61. 50 N. 
20,01 48,93 52. 49 N. 
45,31 47,42 29. 45 N. 
35,96 49,66 ||55. 26 N. 
57,40 45,019. 5 8. 
21,64 50,83 56. 46 N. 
46, 15 46,3 6. 30 N. 
11,29 52,58 59. 38 N. 
% 20,20 46,55 6. 49 N. 
33, 38 49,46 34. 33 N. 
3,33 52,96 [[53- 35 N. 
= 14, 80 46,63 6. 31 N. 
38, 700 56,42 59. 11 N. 
31,07 46, 62 5 7 N. 
40, 56 47,40 [[ll. 7 N. 
26 „52 40,61 4 28 N. 
. 40,84 47,16 || 8. gN. 
30, 13 02,33 62. 41 N. 
10, 33 44,30 208. 
41,15 50,68 28. 36 N. 
37773 48,87 [i8. 19 N. 
. 11,48] 49,15 [j1g. 50 N. 
125,83 49473 [ 22. 37 N 


> = 8 
Z 2 2 


40,50 45,29 
. 19,32] 49,81 
. 1,39! 49,28 
» 32,54] 45499 
» 21,37; 43227 
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ZACH's CATALOGUE OF THE PRINCIPAL STARS, 


— — 


£ . 
* — — 
' ' 


| IS . Right Annual | Right [Annual 4 
4 12 wy 5 Ascension | Variat. | Ascension || Variat. [ . . | 
of and Places E n + 1 * * | ſßpeclination. 
Stars. of the Stars. 5 64 4202S 1 * N a — x 
1 ars, b | | Q 2 . — 4 g | 
u. Ms | 5 | v. . 8. s . . . Þ 
36 86 „ Ceti | 33. 57,18 2% 38. 14. 17,76 46,53 || 2. 23 N { 
37 89 1 Ceti 34. 36,02 | 2,849 | 38. 39. 9 42-74 . 48. 


35- 5770 3,521 [ 38. 59. 25,4 l 295 N. 
38. 14,43 | 3,489 ] 39. 33. 30,49] 52,34 |[26. 26 N. 


3 
5 

38 [39 Y Lilii bor. | 4 
4 
6 44. 35,05 | 35344 41. 8. 64,72 50 


39 |4r / Lili auſt. 
| 40 e 2 Anetis | 
4 40 : 


D 
„ ppebsfessps 


41 46 f 3 Arietis 5, 45. 9,35 3,340 1 41. 17. 20, Tc 50, 10 7. 13 N. 
4 3 Eridani | 3 | 2. 46. 39,72 | 2,917 47. 39, 8528 43,75 9. 4 8. 
43 48 Arietis 'y 5 2. 47. 40,12 3,40% 41. 57. its 51,01 zo. 32 N. 
43 v Perſei | 3 | 2. 5e. 2,42 4 50 | 42. 36, 6% f 63,75 2. 43 N. 
45 |92 4 Ceti | 2 | 2- 57. 30,07 3,179. 42. 57. 31,06] 46,66 || 3. 18 N. 
6 |#® ſeq. a Ceti © } n 2. 51. £4,6r | I 42: 58. 30% 50% „„ 
47 26 f Perſei a, 30 2. 55. 12,07 | 3,846 | 43. 48. 1, 04 57,69 140. 11 N. 
48 [57 J Arietis 4 3. . 12,71 3,303 45. 3. 10,59] 56,89 8. 58 N. 
: 49 58 C Arietis 53. 3. 25,98 | 3,422 45. 51. 29,77] 57,33 20. 18 N. 
50 |13 CEridani 33. 6. 7482,94 46. 31. 52,200 43,56 | 9. 34S. | 
Fi 61 Arietis | 7 | 3. 9. 42,36| 3433 | 47: 25: 35,39] $1249 fee. 25 N. 
52 33 „ Perfei | 2 | 3. 10. 6,85 | 4,03 47. 31. 42,77] 03,95 49. 8 N. 
53 |63 1 2 Arietis | 6 | 3. 11. 16,37 | 3,428'| 47- 49. 65,48 51,42 0. 1 N. 
84 6; Arietis 73. 12 55,52 | 3,430 | 48. 13. 52,74 $1,45 fo. 5 N. 
55. 5 f Tauri 5 | 3- 19. 5,6 | 3,289 49. 57. 39,78] 49,33 12. 15 N. 
56 |18 « Eridani [3,4] 3. 23. 31,52 | 2,883 | 50. 52. 52,84 43,24 10. 1 ; 
57 |39 9 Perſei 33. 28. 44,93 f 44203 | 52. 11. 13,91 63,05 47. 8 N. 
58 25 n Luc. Pleiad.| 33. 35. 37,17 3,535 53. 54. 17,56 53,03 3. 29 N. 
59 44 C Perſei 3 | 3- 41. 35,20 3, 73455. 23. 48, 00 56,01 31. 17 N. 
| bo [45 « Perſei 3 | 3- 44. 29,19 | 3-977 56. 7. 1,87 59,6639. 25 N. 
51 [34 y Eridani [2,3] 3. 48. 42,25 | 2,786 | 57. 10. 33,79] 41,79 [[14-' 5 8. 
62 37 a Tauri | 6 | 3. 52. 53,46 | 3,515 | 58. 13. 21,83 52,72 1. 32 N. 
, 63 |54 Tauri | 3 | 4. 8. 25,23 | 3,387 | 62. 6. 18,48| 50, 80 [. 8 N. 
2 64 61 9 1 Tauri 43, 4 4. 11. 24,68 | 3,432 | 62. 51. 10,26] 51,48 ||17. 4 N. 
| | 4 65 64 2 Tauri 4 4. 12. 34,93 3,431 | 63. 8. 43,89] 51,46 16. 58 N. 
66 5 4 1 Tauri | 5 | 4. 13. 27,66 3,545 | 63. 22. 54,930 53,17 far. 50 N. 
3 | 67 % 2 Taurt 44, 5 4. 13. 31,13 3,543 | 63. 22. 47,02 53,14 ||21. 44 N. 
| 68 74 Tauri 3, 4 4. 16. 56,98 | 3,475 | 64. 14. 14, 76 52,12 18. 44.N. 
| 69 [779 1 Tauri | 5 | 4. 17. 9,30 | 3,401 | 64. 17. 19,53] 51,02 5. 3&N. 
| „ 78 9 2 Tauri 5 TE 17. 19,53 [ 34399 | 04. 19. 52,91 5,99 | 15. 25 N. 
| | 7 9 | . — * — — 5 — | 
| 
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 ZACH's CATALOGUE OF. THE PRINCIPAL STARS. 


— 


' {Annual 


Variat. 


* 


Right 
Ascension 


in Degrees. 


Annual 


Variat, 


1 


Declination. 


„ ry 
Numb. lime: 8 nt 
08 Ascension 
of and Places | 2. o& 
Stars, of the Stars. © 98 
| ne Lui * 
71 |*prec a 8 4. 22. 12, 56 
72 87 Aldebaran 14. 24. 27,29 
73: f vg K 8 4,26. 43,44 
74 [91 © Tauri 64. 27. 44,7 
75 [52 v2 Eridani 3, 4 4. 27. 47,26 
76 [92 o 2 Tauri 161+ 27.- 50,67 
77 |54 Eridani 63,4 4. 31. 4896 
78 [102 . Tami | 4 | 4+ 51. 9,38 
79: 6% 8 Eridani 34. 58. 2,382 
80 jbg Eridani 4 | 4+ 59« 3,73 
— — n EPA ä — 
81 |* prac. « Aurig.| | 5. 1. 39,44 
82 [13 Capella I | 5. 1. 56,16 
83 [* ſeq. 4 Aurig. | | 5. 3. 14,28 
84 |* prac. f Orion. | 5. 3. 56,39 
85 [19 Rigel 1. 4. $5554 
86 * ſeq, f Orionis 3 24,57 
87 [120 f Tauri 2 F. 13. 39,38 
88 [24 y Orionis 2 F. 14. 24,54 
89 | 9 Leporis 3,4 5 19. 41,0 
go [34 8 Orionis 26. 21. 475 
91 |r1 « Leporis | 3 | F. 23. 54,94! 
92 123 C Tauri 3 | 5- 25. 42,41 
93 46 « Orionis | 2 F. 25. 4,15 
94 [50 & Orionis 2 | 5- 30. 40,57 
95 ſa Columbe | | 2 | 5. 32. 25,03, 
96 |13 y Leporis 3, 4 5. 36. 9,0 
97 3 * Orionis | 4| 5. 38. 26,28. 
98 |* fpræc. « Orion. 5. 41. 27,744: 
99 58 a Orionis I | 5. 44. 20,57 
101 134 f Aurigz 2,3 6. 44. 54,68 
102 | 1 # Seminorum 4, 5 5. 51. 57,2 
103 | 7 Geminorumſ3, 4 6. 2. 48,29 
104 [13  Geminorum| 3 | 6. 10. 51,44 
105 | 1 Canis maj. | 3 | 6. 12. 39,08, 


84. 2. 15,34 


84. 34. 
85. 21. 


86. . 
86. 58. 


4,21} 
56,10 


8,55 


23,85 


86. 12. 
87. 59. 


90. 42. 


92, 42. 


93. 9. 


55722 


2577 
' 4334 
515 4 


46,24 


8 


2 


. 
UN 


N 
"+ 0 0 & ? & 


R ER 
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7ZACH's CATALOGUE OF! THE PRINCIPAL STARS. 


— | 13 — 1 — — 
— | | * Right Annual Right Annual 
| Nurnb. | 1 oa Ascension Var iat. Ascension Variat. 4 Ii 4 
of and Places =. by 65-4 Declination. 
| = | inTime. + in Degrees. + | | 
Stars. of the Stars. 5 2 i | oY | 
No H. 1. s. $ D. M. 5. a o. M. | 
106 | 2 8 Canis maj. [z, 3 6. 13. 53,76 2,638 | 93. 28. 26,33 39,57 ||17. 52 8. 
107 [18 » Geminorum| 4 | 6. 17. 5,48 | 3,562 | 94. 16. 22,22] 53,43 ||20. 20 N. 
108 24 y Geminorum|2, 3 6. 26. 9,35 3,463 | 96. 32. 20,32] 51,95 16. 34 N. 
109 |27 « Geminorum| 3 | 6. 31. 37,34 3,695 97. 54. 20,05] 55,42 5. 19 N. 
110 *præc. a Can. maj. AY 6 29. 47,80 | 97- 25: 27, | 7 
| | 211 | 9 Sirius | 2 | 6. 36. 19,91 | 2,047 | 99. 4. 58,65 39973 1:6. 26 8. | 
112 |* ſeq. « Can. maj. | 6, 41. 26,68 100. 21. | 
113 |21 Canis maj. z, 3 6. 50. 46,21 | 24354 [102. 41. 36437 28. 43 8 
114 [43 & Geminorumſ|3, 4 6. 52. 14,55 34507 [loz. 3. [52407 120. 51 N. 
115 |25 J Canis maj, 2,3 7. . 15,59 25,436 tog. 3. 36,54 26. 5 8. 
116 55 2 Geminorum| 3 | 7- 8. 10,06] 3,594 10. 2. | [£9.01 122. 20 N. 
i 
11 ræc. « Gemin.| . . - es . . | 
ſ 119 66 Caftor [1,2] 7. 21. 48,81 3,855 [110. 27. 12,15] 5,8332. 19 N. 
120 8 ſeq. a Gemin. |. 7. 27. 4454 | 4111. 40. | | 4 
| 121 6g » Geminoramſqn et 34-54 | 33715 [119. 53. 38,4 55,7 5. 21 N. 
122 |* pr. « Can. min. | 7- 20. 40,27 111. 40. p 
96 0h DI ho Crag of Lorton ee» ont ae 
eq. « Can, min | 30. 27, . 
125 78 Pollux 2 7. 33. 3,183,687 13. 15. 4757 $$31 28. 30 N. 
126 |* ſeq. 6 Gemin. | 7. 35. 28,78] 113. 52. , | 
| 127 0 , Cancri | 5 7. 55. 57,64 3,545 [118. 59. 24,55} 53,18 ||22. g N. 
128 [14 42 Cancri 4 | 7- 58. 23, | 939 119. 35- 48,73] 54:58 6. 7N. 
| 729 17 8 Caneri 3,4 8. 5. 39337 | 3,266 |121. 24. 48,99 || 9. 48 N. 
6| 8. 20. 10,35 3,441 25. 2. 1,61 [g. 46 N 
130 z 9 Caneri 5. © 235 | 37441 ji2y. 2. 5551 8. 46 N. 
| a : / | | 2131 63 „ Cancri b, 7 8. 21. 7570 3,491 [125. 16. 52,36 [zT 6 N. 
| : | 132 | 4 9 Hydre 4 | 8. 27. 20 3,189 1126. 45. 47433 6. 23 N. 
| —— 133 [43 7 Cancri 4 8. 31. 41,86 3,499 127. 66. | 52,49 22. 10 N. 
| 134 [47 Cancri 14 8. 33. 18,11 3,428 128. 19. 31,70] 51,42 18. 53 N. 
| } 135 [11 « Hydre | 4 8. 36. 10,14 | 3,199 1129. 2. 4½8 7. 8 N. 
| | | 136 16 TtHydre 44, 5 8. 44. 48,86 | 35187 [237. 12. 1: 47,81 || 6. 42 N. 
| | | 237 60 Cancri 4,5 . 4. 5039 3-290 131. 14. 49535 [z. 24 N. 
1 238 6% 2 Cancri 34 f. 4. 3562 | 3,292 1131. 52. 49138 . 57 N. 
> EE 139 [76 « Cancri 14» 5] 8. 56. 54433 | 3,263 1134. 13, 3492] 295 |j1r. 28 N. 
| 4 140 5 1 Cancri 57608 8. ST: 50537 1˙⁴⁷%ỹ̃ 134. 27. 35,48 52,08 gs. 51 N. y 


tw 


ZACH's CATALOGUE OF THE PRINCIPAL STARS. 


N N — - 8 
| Right Annual Right Annual | þ 
mT - PR 14 den | Variat on | Variar. || - g 
„% 1 | OD | Common | "> [{ Dertinetion. i 
Stars, of the Stars. 5 TS ” in Degrees. TP; | g oi 
2 5 - — — — | fl 
1 . . <4 5. D- . £4 $. v. N. | j 
141 |22 I Hydre 49. 3. 54,80 | 3,120 [135. 58. 42,03| 46,80 |{ 3. 10 N. . 
142 | 1 Leonis 4 | 9. 12. 58,32 | 3,524 138. 14. 34,477] 52,86 j[27- 2 N. 1 
143 * Alphard 2 | 9. 17. 44497 | 22935 139. 26. 14, 55 44403 || 7. 48 8. - 1 
144“ ſeq. « Hydræ 9. 23. 9,19 140. 47. 17,8 4 1 
145 5 & Leonis | 4 | 9. 21. 9,26 | 3,253 [140. 17. 18,99] 48,80 lz. 11 N. N. 
146 [4 Leonis 49. 30. 27,65 3,224 |142. 37. 4,82] 48,36 ||10. 48 N. | | 
I47 17 Leonis 3 | 9. 34. 28,29 | 3,434 143. 37. 4431] 5, 1 4. 41 N. 155 
148 [24 K. Leonis 3 | 9- 41. 21;84 | 3,457 1456. 20. 27,54] 51,85 6. 57 N. . 
149 [27 » Leonis 4 | 9. 47. 26,92 3, 243 146. 51. 43,76] 48,65 13. 24 N. , N 
15 29 * Leonis | 4 | 9. 49. 37,99 3,183 47. 24. 29,89] 47,75 Ä. oN. =_ 
151 30 » Leonis 3, 4 9. 56. 24,60 3,289 149. 6. 9,04] 49:33 [J. 44 N. 9 
152 [32 Regulus | 1] 9. 57. 42,02 | 3,204 149. 25. 30, 300 48,06 12. 56 N. if 
153 |* ſeq. a Leonis | 10. 4. 28,58 151. 7. 8, | þ 
I54 36 g Leonis 3 ro. ö. 32,34 | 3,301 [151. 23. 5, 16 50, 42 24. 25 N. 0 
155 (41 y 2 Leonis a, 310. 8. 55,22 | 3,306 152. 13. 48,2 20. 51 N. by 
156 34 Urſæ maj. 3 ro. 10. 21,55 3, 635 [152. 35. 23, 32 54, 52 42. 30 N. ; i 
157 |47 e Leonis | 4 ro. 22. 16,77 | 3,170 [155. 33. 56,49 47455 ro. 20 N. j 
158 [48 8 Urſz maj. | 2 ro. 49. 39,53 | 3,799 [162. 24. -52,93] 55,603 57. 27 N. wo 
_ | 159 | 7 « Crateris, | 4 |10. 50. 4,552,943 162. 31. 8, 25 44,14 17. 14 8. bf 
160 [50 & Urſæ maj. 1, 210. 51. 15,84 | 3,847 [162. 48. 57, 61 57,70 j|[62. 50 N. - # 
161 |11 8 Crateris | 3, 11. 1. 50,06 2,933 165. 27. 39,97 44,02 ||31. 44 8. * 
162 68 J Leonis 2, 311. 3. 26, 393,199 165. 51. 35,91] 47,98 [[z. 37 N. 1 
163 0 9 Leonis 3 [ff. 3. 44,233,165 65. 56. 3,49] 47,48 6. 31 N. ii 
164 j13 A Crateris 5, 61 r. 13. 28,15 | 2,981 [168. 22. 2,21] 44,72 7. 17 . 18 
165 78, Leonis 4 |11. 13, 28,32 | 3,125 168. 22. 4,8 5] 46,87 ||11. 38 N 1 
166 84 1 Leonis 4 11. 17. 39,49 | 3,085 69. 24. 52, 34 46,28 || 3. 57 N. j 
167 [91 Leonis 4 |11. 26. 42,82 | 3,069 |171. 40. 42,29] 46,04 ||-0. 17 N. | 
168 | 3» Virginis | 5 If. 35. 34445 | 3,087 [173. 53. 51,70] 46,31 |} 7. 39 N. 
169 |* præc. g Leonis II. 38. 19,40 174. 34. 51,90 
170 04 Denebola 1, [f. 38. 50, 49 3,062 ff 74. 42. 37,3 50 45,93 lf. 41 N 
171 | 5 B Virginis | 3 1. 40. 16,38 3,122 75. 4. 5,70 46,83 || 2. 54 N. 
172 64 y Urſæ maj. | 2 I. 43. 14, 22 3,212 |175. 48. 33,33] 48,18 54. 48 N. 
173 [14 Corvi 4 [r. 58. 6,94 | 3,002 |179. 31. 44,10] 45,93 |[23. 37 8. 
174 | 2« Corvi | 4 |11. 59. 51,63 3,067 [179. 57. 54,47; 46,00 ||21. 30 N. 
175 169 Urſæ maj. | 3 (12. 5. 27,23 | 3,021 181. 21. 48,42 45,32 || 58. g9N 
Vor. II. * 7 
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7ACH's CATALOGUE OF THE PRINCIPAL STARS. 
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— — —— — 
| . | Right Annual i Right Annual | 
Numb. Names < : a c ; PER 
v3 Ascension Variat. Ascension Variat. Docknation 
of and Places F 3 + 58 | + ec inatio j 
' Stars. of the Stars. | = a e ee, | 
M. M. 8. 8. | D. MN. . 3 3. D, NI. 
176 | 4 y Corvi 3 [12. 5. 32,31 | 34077 81. 23. 4.58 46, 16 * 26 8. 
177 |15 » Virginis | 3 |12. 9. 40, 74 3,06) |r82. 25. 11,13] 46,01 [O. 27 N. 
178 | 9 8 Corvi 3 j12. 23. 54,39| 3,124.18 f. 58. 35,92] 46,86 22. 17 8. 
179 5 x Draconis | 3 |12. 24. 47,05 | 2,001 |1B6. 11. 54,72] 39,91 1[79- 53 N. 
190 |29 y 1 Virginis 3 12. 31. 33,85 | 3,069. 87. 53. 27,72 46,03 || o. 21 8. 
181 %% « Urſz maj. a, 3012. 45. 12, 582,740 |191. 18. 8,67] 47, 9 57. 3 N. 
182 [43 9 Virginis 3 12. 45. 33,06 | 3,047 |191. 23. 24,93] 4547-1 || 4+ 29 N. 
183 47 « Virginis 3 |12. 52. 13,33 | 3,004 [193. 3. 20,01 45,06 lz. 2 N. | 
184 jr 9 Virgints [3,4|12. 59. 36,46 | 3-995 .[194-' 54. 6,97] 4642 4. 28 8. 
185 2 7 Hydrz 3 13. 8. 4,31 3,225 [197. 1. 4,04] 48, 38 22+ 2 8. 
186 |* præc. « Virg. 13. 9. 13,00 197. 18. 15, 0 3 
187 67 Spica 1 13. 14. 40, 11 3,137 198. 40. 1,66 47,06 10. 78. 
188 70 & Urſz maj. | 3 13. 15. 49,62 | 2,425 198. 57. 24, 26 30,37 (55. 59 N. 
189 9 1 Virginis 4 13. 16. 10,79 | 3129 99. 2. 41,83] 46,93 1. 40 8. 
190 [79 « Virginis | 3 3. 24. 30,65 | 3,964 |20r. 7. 39,68] 45,96 || 0. 26 N. 
191 | 4 r Bootis ' 4 |13- 37. 46,36 | 2,884 Rog. 26. 35,35} 43,26 ||18. 27 N. 
192 850 » Urſz maj. |2,3|13- 39. 38,85 | 2,355 .]204: 54. 42, 80 35,88 50. 19 N. 
193 85 Bootis S; 13. 45. 9,21 | 2,800 206. 17. 18,12] 42,90 9. 25 N. 
194'|{1 a Draconis 2, 3113+. 58. 58,88 | 1,028 [209. 44. 43,24| 24442 65. 20 N. 
195 pi Virginis 4 14. 2. 14,87 3, 79 zl. 33. 43,04 47,08 |} 9. 20 8. | 
196 6 Arturus 1 4. 6. 32,21 | 2,722 fz 11. 38. 3,16] 40, 83 |j20. 15 N. | 
197 |* ſeq. a Bootis 14. 6. 36,46 | 211. 39. 6,90 | 
198 [100 A Virgins. | 414. 8. 19,14 | 34223 z 12. 4. 47,16] 48,35 lz. 27..S. 
I99 24 y Bootis 3 114. 24. 1,50 2,428 z 16. o. 22754 36,42 39. 11. N. 5 
200 zo & Bootis 3 14. 31. 35,56 2,854 [217. 53. 53,42] 42,81 4. 36 N. 
201 6 « Boots 3 14. 36. 14,99 | 2,022 |219. 3. 44, 80 39,33 [[z7. 56 N. 
202 | 7 « Libre 5 [14. 38. 22,95 | 3,208 [219. 35. 44,22] 49,02. 13. 18 8. 
203 | 8 a 1 Libre 6 14. 39. 38,74 | 3,299 [219. 54. 41, 100 49,49. 5. 9 S. 
204 |* præc @ 2 * 14. 39. 38,77 219. 54. 41,55 2 
205 0 4 2 Libre 2,3014. 39. 49,97 3,289 [219- 57. 29,55] 49934 5. 12 8. 
206 | 7 B Urſz min. 3 14. 51. 27,55 , 3290222. 51. 53, 19. 4,94 7/4. 59 N. 
207 20 y Scorpii 3 14. 52. 24,35 3,482 22 3. 6. 5,22] 52,23 fg4. 29 8. 
208 [42 6 Bootis 3 14. 54. 290 2,202 1223. 36. 14,85] 33,93 ll. 11 N. 
209 [43 * Bootis 5 [14+ 55. 52, 50 2,580 [223. 58. 7, 57 38,70 a. 44 N. 
I 210 27 f Libre 2,3015. 6. 15,01 | 3,215 E26. 33. 54,21] 48,22 8. 38 8. | 
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; ' | 
| p Right Annual Right Annual 
Numb. Names = a GE 
4 Ascension Variat.“ Ascension Variat. 1 
of , | and Vlaces * 8. 7 : : 4 is the Eh 4 A 1 
Stars. of the Stars. 8 | e N | 
8 . 8 8. 5 1 * . 
| 2r1 49 9 Bootis ] 3 I 5. £3 26,62 | 2,409 [226. 51. 39,28 36,13 34. 4 N. 
212 | 1 Coron. Bor.] 6 |15. 11. 51,97 | 2,487 |227. 57. 59,55| 37,30 30. 21 N. 
213 | 2 Coron. Bor 5 5. 14. 56,05 | 2,405 [228. 44. , 78 36,97 |[31. 1 N. 
214 | 3 6 Coron, Bor. 4 |15. 19. 34,88 | 2,483 |229. 53. 43,13| 37,24 9. 48 N. 
215 f; y2 Urſæ min. z, 315. 21. 11,76 , 209% 30. 17. 56,39|— 3,14 |[72. 33 N 
216 35 84 Libre 4 |15. 21. 38,42 | 3,305, 230. 24. 36260 50,48 16. 10 8. 
217 [38 5 Libræ 3,415. 24. 21,22 | 3,328 [231. 5. 18,34 49,92 4. 7 8. 
| 248 113 3 Serpentis 3 15. 25. I 5,84 2,861 [|231. 18. 57,61/ 42,91 1. 13 N. 
249 | 5 Gemma 2 |15. 26. 13,29 | 2,543 [|231- 33. 19,33] 38,15 27. 24 N. 
220 13 * Libræ 415. 30. 212 34433 232 30. 46,77] 51,49 19. 1 S. 
221 [24 4 Serpentis 2 15. 34. 25,21 | 2,936 [233. 36. 18,00] 44,04 || 7. 4 N. 
222 * ſeq. & Serpent. 15. 36. 23,53 234. F. 53,05 | | 
223 28 fl Serpentis | 3 15. 36. 57,70 | 2,756 234. 14. 25,47] 41,34 6. 4 N. 
224 32 + Serpentis 4 |15. 39. 10,30 | 3,023 234. 47. 34455] 45,35 [ 2. 48 8. 
225 37 Serpentis 3, 415. 40. 50,7 2,969 235. 12. 44451] 44454 || 5 6N. 
226 10 3 Coron. Bor. 4 [15- 41. 12,45 | 2,515 235. 18. 6,71] 37,73 (6. 42 N. 
227 [45 A Libra 4 85 41. 44,86 34457 235 26. 12,93] 51,8 = 33 S. 
228 | 5 e Scorpii 3, 475. 44 3334 | 34071 236. 8. 20,06] 55,06 ||28. 37 8. 
229 | 6 x Scorpii |} 3 15. 46. 46,43 | 3,600 236. 41. 36,48| 54,00 ||25. 31 8. 
230 |48 / Libre |] 4 |15- 47. 0,91 | 3,339 236. 45. 13,63] 50, 9 [[13. 41 8. 
231 41 5 Serpentis 3 [f. 47. 12,93 | 2,740 [236. 48. 13,98] 41,10 ||16. 21 N. 
232 | 7 Scorpfß | 3 15. 48. 31,89 | 3,521 237 7. 58,38] 52,82 |[22. 2 8. 
233 |13 « Coron. Bor. 4, 515. 49. 18,54 | 2,483 [237- 19. 38,04] 37,24 [[27. 28 N. 
234 44 1 Serpentis | 4 15. 53. 41,18 | 2,570 238. 25. 17,72] 38,04 |[23. 21 N. 
235 | 8 B Scorpli 2 15. 53. 49,71 | 3-405 238 all 23,05] 51,97 19. 15 8. 
236 [139 Draconis 3,415. 58. 8,28 | 1,142 [239. 32. 427] 17, 1359. 6 N, 
237 [14 » Scorpu | 4 16. ©. 23,31 | 3,405 240. 5. 49,60| 51,96 {[18. 56 8. 
i 238 | 1 9 Ophiuchi | 3 16. 3. 52,80 | 3,132 240. 58. 11,95] 46,98 || 3. 10 8. | 
239 | 2 « Ophiuchi 3, 416. 7. 45,09 3,154 241. 50. 16,31] 47,30 i| 4. 12 8 
240 20 ) Herculis 3 16. 13, 5,83 2,042 [243. 16. 27,41; 39,03 19. 38 N. 
— - —— — — a — — — 
241 z 1 Antares 6. 17. 9,69 3,045 [244. 17. 25,35] 54,68 25. 58 8. 
242 |* 4 Scorpii 16. 19. 6,66 244. 46. 39,90 
243 | 8 p Ophiuchi 4, 516. 19. 43,03 | 3,418 fz44. 55. 45,42 51,27 6. 10 8. 
244 [4 » Draconis 43, 316. 21. 18,33 | 0,785. [245. ig. 34,92 11,78 ||61, 58 N. 
| 245 27 8 Herculis | 3 16. 21. 37,87 | 2,579 245, 24. 28,080 38,08 [z21. 56 N. 
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of 


253 


SF | 


1 261 


262 


204 
265 |3 


266 
267 
268 
269 


| 279 


Numb. 


251 


270 | 


272 


| | | Right [Annual Right Annual 
Names - | - Ascensio I Variat Ascensi Variat. | 
| and Places 2. ; ; N Declination.} 
2 in Time. + in Degrees. ＋ 
of the Stars. - 
| | u. . 3. 8. . 8. . | 
23 1 Scorpil 4 16. 23. 26,96 | 3,709 [245. 51. 44, 360 55,647. 47 S. 
13 > Optiuchi 2, 3110. 26. 9,55 3,287 [246. 32. 44:36 49,30 [ro. 9 S. | 
40 C Herculis 3,4 16. 33. 45,04 | 2,292 248. 26. 24, 67 34,38 [32. 1 N. 
44 » Herculis 3, 416. 36. 3,14 2,046 249. o. 47,15] 30, 6939. 19 N. 
58 Herculis 3 |16. 52. 38,68 | 2,292 253. 9. 40, 16 34,38 3 f. 16 N. 
35 » Ophiuchi 2, 3016. 58. 55,15 | 3,424 [254- 43. 47,60 57,36 f. 28 8. 
* præc. « Herc. 17. F. 1,7 256. 18. 10, 50 b | 
64 4 Herculis 2, 3017. F. 31,76 | 2,726 256. 22. 56, 40 40, 89 14. 38 N. 
65 2 Herculis 3, 47. 6. 40,412, 459 256. 42. 21,17] 36,88 25. 5 N. 
42 9 Ophiuchi 3 17. 9. 44,25 3,069 257. 26. 3,68 55,04 24. 47 8 
35 a Scorpii 3 17. 20. 2,64 | 4,057 |260. o. 39,58} 60,85 36. 57 8 
* præc. a 17. 24. 45,00 261. 11: 28, 5 
FE « Ophiuc 2 |17. 25. 38,97 | 2,708 |201., 24. 44,55] 41,52 1. 43 N. 
| ſeq.. . Opkiuc. 17. 29. 11,02 264. 17. 46,3 
23 6 Draconis 3 17. 25. 55,99 1,348 61. 28. 59,82] 20, 22 5. 27 N 
60 f Ophiuchi | 3 7. 33. 3577 | 2,959 63. 23. 56,54] 44,39 4. 40 N. 
62 Y Ophiuchi | 3 17. 37. 52,4 3,003 04. 28. o, 56 45,05 2. 48 N. 
7 Serpentis 3,417. 49. 5,59 3,153 207. 28. 38,87] 47,30 || 3. 40 8. 
67 h. Tau. Pon 4 |*7- 50. 37,47 2,999 267. 39. 21,99 44,99 || 2. 57 N. 
raconis 12 » 3}! 7+ 51. $7579 1,389 267. 59. 26,85] 20,83 51. 31 N. 
3 33411 7+ $2. 58,05 | 3,851 [268. 14. 30,70 $7,77 30. 25 8 
b Taur. Poniat. 18. ©. 41,10 | 2,993 70. 10. 16, 50 44,90 || 3. 19 N 
30 þ 1 Sagittarii | 4 18. 1. 46,37 3,584 [270. 27. 5,63] 53,76 fz. 68 
15 þ 2 Sagittarii 4,618. 3. 16,90 | 3,575 [270. 49. 13,57] $3,02 ||20. 46 8 
20 « Sapgittarii 25,3 18. 10, 53,7 3,984 2 72. 43. 25,11] 59,70 34. 28 8. 
271 22 & Sagittarii 4 18. 15. 37,66 3,705 [273. 54. 24, 92 55,57 ||25. 31 8 
* prac. a Lyrz | |18. 28. 40,13 277. 16, „ 
3 Mega 1 18. 30. 9,89 | 2,028 [277. 32. 28, 35 30,43 38. 36 N. 
* ſeq. a Lyræ 18. 31. 40, 1277. 54. 50, oo 
27 @ Sagittarii 3, 4018. 33. 9,39 | 3,747 278. 17. 20,84] 56, 217. 11 8 
4 « Lyræ 5 8. 37. 42,87| 1,983 [279. 25. 43,03] 29,7439. 28 N 
32» 1 * vs 4, 5118. 42. 5,41 | 3,625 280. 31. 21,22] 54,38 ||22. 59 8. 
10 8 L 3 18. 42. 41,862, 211 280. 40. 27,89] 33,1633. 9 N. 
34 Sagituri 3 18. 42. 51,40 3,724 280. 42. 50,99] 55,86 ||26. 32 5. 
| | 280 > [35 2 2 IE 455 an | 3,023 [2Bo. 45. 10,95 54,3522. 54 8. 


— 


— ͤäi * 


* . - 


L 533 J 


ZACH's CATALOGUE. OF 'THE PRINCIPAL STARS. 


is | r 1 f . — 
| 1 y Right Annu Righ Annual 
828 2 Names bt ; N 5105 . Variat. | | Cu 
4 of - and Places . in Time. | + | Lys . . []Peclination. 
Stars of the Stars. = | : g we 4 1 aj} . | 4 | 
: ' | H. M. 5 | l 8. pi ; * 6. 3 3. q 5. M. lf 
281 63 9 Serpent.dup, 3 18. 46. 132 2,977 29234. 12:34 4406 q|-3. 57 N. 
282 [12 0 Lyræ 3,4018. 47. 31,16 4,998 8 1. 52. 443 3,2 (6. 39 N. 
283 [47 Draconis 418. 48. 14,15 66,98 282. . 33,20 13,2159. 9 N. 
284 [14 y Lyræ 3 18. 57. 28.04 2, 241 82. 52. , 0,60 33,6132. 20 N. 
285 39 » Sagittarii 5 48. 41837395. 83-10. 222 22. 18. 
286 40 v Sagittarii 14 rh 54. 26.480 35,758. 93. 364136, r= 56,37 P7. 57 T 
287 |16 a Antinoi 3, 4018. 59.38, 1p, 3,186; 85. 54 37,6 479 1 8. ö 
288 [17 C Aquile, 3 1. 55. 12, 2.255. 4. 3. 10, % 4,½3 3. 35 N. 
289 [41 x Sagittarii 3, 4118. 7 541,3 3,74 2 93 50, 7 53,61 E. 20 8. 
290 [42 N Sagittarii 4, 519. 3. 15,27, 3,585 285. 48. 4%@4} 3827 (5. 2 8. 
291 [43 d Sagittarii 4,619. 15 557863, 517 86. JU . 57,96 S2, 76g. 18 8. 
| 292 [57 4 Draconis 3 419. 12. 27,96, 99033 f 6. 594 T . 49 e. 19 N. 
| 293 | 1x Cygni.. 419. 12.28, 281,383 288. 7. 4,19 20,73. (Pa. 58 N. 
| 294 302 Aquilz | | 3 19. 15. 24,12, ] 3,008 88. 51. | 1,79 . . 44 N. 
] 295 | 68 Cygni 3 9.22. 36,53 27375 29934, 3700323. 7. 33 N. 
1 296 10 4 Cygui v4 _— 19, 34 290% ;ToS 11 þ 291. ry 54, 19ſ % 5. 19 N. 
297 [4 Antinoi 43, 4119+ 26. 22,16 [.3,106, [294-352 358 74,9 1. 43 8 
298 [13 9 Cygni 4 19. 31. 5,16 |-1,045-j292. 40. 7, 4% 68 40. 46 N, 
| 9 5 | 4 j 
299 | 5 « Sagittæ 4419. 31. 9,25 2,078; 292.47. 18,7 40,7 1734 N. | 
35% [56 f Sagittarii, .| © 9. 34. 41,43 | (34520 93-.49- 21,39] 52,80 fc. 14 8. 
brand CE oY = aut I What 4 — * — | 
301 n præc. y Aquilz| 19. 35: 12,50 |- 93. 48. 7, 5b Ii 4 
302 $0 Y Aquile , 4319. 36. 4450 7857 4h. 7, 50 4,59 flo. 8 N. 
303 & ſeq. + Adu 49. 39: 0,81 945. 12, % Þ 
304 [18/2 Cygnii 3. ; 1,869. 294- 40. [46,34] 302: (4. 30 N. 
| 305 * pros « Aquile 19. 3294. 38. 58,0 1c<.) AE 
. — ; Emp Ls —— — — | 1 N | 
306 5 3 Atair , .. 2918009515. 15,36 43,78. g. 21 N. 
30 * ſeq., & Aquilz, 5 — 95 3. 5,55 DD 
30 5 u Antinoi 3058 |295.. 34. 17, 08 4,87 [o. 30 N. 
309 [59 i 3,699. 290. 9. 53,46 55,48 7. 41 8. 
| 310 [bo 8 Aquile 27959 [296- 24: [14 $5}-44:98-]Þ$- 55 N. 
rn R 
Wo 65 n. 84997: 09. 14. [37751140545 (. 24 S. | 
| 312 | $ a 1 Ca icorni 35339 O1. 38. 14,88 49,95 r3. 78. 
313 [* præc. a2 Capr. "IF 30 l. 19. £2,20| é m. | „ 
314 | 62 2 Capricorn 3 20. , 6. 5 3.3310 30. HK. 7,0 4996 3. 98. 
[ 315 8 —. 4 2 N a 297f 9. 33532 „% - 169K MI. 15 — - a 
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| REM TOE NG 
Ti A ö 9 | Right Al Annual | Right Annual 
N Numb. (| * N S| Ascension Variat. | Ascension | Variat. 8 
‚ of | and Places 2 — 1 f $ Declination. 
| 8-2 in Time. + | in Degrees. + 
Stars. | | of the Stars, | .. B | | 
— =3 . — here goes Be VEIL 3 
. 4 n. M. 24 8. D. M. s. of . 
1 — — Sn — — — — IEEE 2 af 5 ; 
"306 es wer Mayo ; «ap Mpc 377535 37580 302. 22. 50, 1 55,70 5. 24 8. 
\ 5 8 » Capricorn 6 20 i 33,69 3,337 302. 23. 25,39] 50,6 3. 23 8. 
378 | 9 f Capricorni 3 20. 9. 45,503,380 302. 26. 22, 54 50, 70 15 24S. 
319 [37 y Cygni 3 420. 15. 2,63] 2,148+1303. 45. 30,39 32,22 39, 38 N. 
51 e Capricorni 6 0 17. 20,45 3,438 04. 21. 36,72] 51,57 3 
21 þ 4 eee e. 29 57750 2,80 1 306. 29. 22,4] 42,01 4. o N. 
| 5 Z Delpkini 1 -3-j20 6. 10,32] 2,804 307. 2. 34,74 42,00 13. 55 N. 
323 | 9 „ Delphini 3 [207 30. [20,76 | 2,780 [307. 35. 11,37] 41,70 5. 13 N. 
324 |50-Deneb. fz. 34. 36,66 2,034) [308. 39. 10,20] 30951 6. 34 N. 
© 325 . ſeq.'s Cygni bes. 40: 255 1. 7. Bag No: 
326 2 « Aquarii. 4, 5/20. 36. 50,38 | 3,2557| 309. 12, 35572 48.85" 
r © |20. 37. 21,94] * [309. 20. 29,08 
1 y Delphini | 3 |20. 37. 42,96 2,783 309. 20. * 41,75 
329 #53 « Cygnii | 3-120. 38. 6,70* 2,393 [309- 31. 40,56| 35,89 
_330 | ©  Aquarii'«« (44 5Þ6r 41. 51,17 1.35243 [310. 27. 47,61] 48,65 | 
1 3914} | Aqudrii® (>? & 0. 46. 4,59 3,255 311. 31. 8,80| 48,82 
332 3 RN 4. 39,75 3-384 313. 39. 56, 2 5 50,76 
333 13 Aquarii 5 20. 8. 41,243 3,274 314. 40. 18, 64] 49,11 
3348 - Equulei 4 1. 5. 48,782,997 3716. 27. 11730 44,96 74 
| 335 33 « Capricorni DLE. C 3.355 317. 46. 2 5,00] 50,33 
2 336 4 8 Equulei 4 45 12. 57,712,981 3 18. 14. 25,62 62 44,7 
': TSF" 18 Aquarii 6 z. 13. 14,77 J 3,286 318. 18. 41,53 49,29 | 
| 338 28 hy IT 13. Gi 46 26. 42,69 21,40 | 
339 a 8*Ac | 321/21. 2,121 3,165 1320. 15. 16,74] 47,48 || 
2 Capridaend: 4 Þ12"25- 52:20 $35379 [327: 38. | 4334] 50,68 || 
8 Cephei 3 1. 20 5, 18] 0,821 327. 30. 17,76 12,32 
5 3541. 28. 59,14 3,329 322. 14. 47,15] 493 
4 A 5 1. 31. 27,98] 3,360 322. 51. 5074/50, 
344 |. 8 « Pegaſi [3 [21. 34. 21,53 12,943 f23. 35. 22,99] 4415" 
80 11 Cygni 4 [21. 34. s 1325: 44. 54438] 31,74 0. 
49 Cpricori 8 35: $8,68 %10 1323. 59. 40,25] 4065 17. 
ee ran a 5. 3,21 1328. 47. 3,15 Ss "3H 
8 [34 * Aquarit t 1 29,75 | 3,007 1328. 52. 26 52 5 46,00 | I. 
48 7 Aquarii 3 2. 177 18,89 3094 1332. 49. 43,39 46,41 
52 x Aquarii 4, 522. #5. 499 [ 3-005 1333- 45. 59,95 45:97 || 
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| | Right TAnnual Right Annual 
Numb. Names S| op 3 i i 
5 Ascension IVariat. Ascension Variat. 
5 and Places I 5 + © hs + 
A Ses. 
Stars, | of the Stars. | ao 8 * 
| | * M. S. 8. D. M. 5. 8. 
351 [55 & Aquarii 4 22. 18. 31,68 3,079 334. 37. 55,26 40,18 
352 [57 © Aduarii 5 [22. 20. 2, 99 3,186 [33 5. o. 44, 84 47,79 
353 | 7 Lacertz 4 j22. 23. 7,61 | 2,431 |335- 46. 54,14] 30,4 
354 bz » Aquarnt 4 |22. 25. 4,59 3,079 336. 16. 8, 78 46,19 
355 [03 * Aquari 5 [22+ 27. 23,383,117 336. 50. 50,7 46,76 
356 42 C Pegaſi 3 [22. 31. 29,06 2,981 337. 52. 15,89 44,72 
357 [44 n Pegaſi | 3 22. 33. 37,87 | 2,792 338. 24. 27,91] 41,88 
| 358 |69 7 1 Aquarii | 5 |22. 37. 4,70 | 3,197 339. 16. 10, 57 47,96 
359 [7172 Aquarii $, 6j22. 38. 59,29 | 3,190 339. 44. 40, 4147585 
360 [73 a Aquarii 4 22. 42.-10,52 | 3,137 340. 32. 37,87] 47,05 
361 [32 Cephei 4 22. 42. 35,33 | 2,109 340. 38. 49,95] 31,63 
362 76 9 Aquari 3 22. 44 1, 80 3,201 j341-.0. 25,06] 48,02 
363 |*przc. a Piſc. auf. a3. 40. 3,356 340. 4. 20,25 ; 
364 24 Fomalhaut 1 22. 46. „603, 330 [341. 38. 24, 00 49,95 
| 365 |* ſeq. a Piſc. auſ./ 2. 4 38,04 342. 9. 30, 60 
366 [53 fB Pegaſi 2 22. $4 5,502,874 343. 31. 22,47 43,71 
| 367 |54 Maria 2 |22. 54. 47,99 | 2,964 343. 41. 59,85] 44,40 
| 368 |* ſeq. & Pegafi 23. 58. 35,04 343- 53. 54,00 
369 |go b Aquarii [4,5/23- 3. 57,39 3,109 345. 59. 20,79] 46,64 
370 [gr 1 Aquarii | 5 |23- F. 23,05 | 3,125 [540- 20. 45,68| 46,88 
15 — — Lade. 
371 | 6 y Piſcium | 5 Es. 6. 46,42 | 3,057 346. 41. 36,37 45,85 
372 [95 Þ 3 Aquaru | 3 [23 8. 32,03 | 3,125 347. 8. 9,48 46,88 
373 [16 Piſcium 6 [23. 26. 11,40 | 3,065 351. 32. 50,96 45,97 
374 [18 > Piſcium 5 4 51,01 | 3,066 352. 57. 465,08] 45,99 
375 [19 Piſcium 55623. 36. 10,88 | 3,062 |354- 2. 43,18} 45,93 
376 |z8 „ Piſctum 5 23. 49. 2,88 | 3,061 357. 15. 43,16 45,92 
377 * pre. „rem 23. 55. 45547 | 33858. 56. 22,05 
378 ] præc. a Andi om 23. 56. 15,28 | 3,060 359. 3. 4, 19 45,90 
379 [21 Andromeda 2 23. 58. 4,32 | 3,005 359. 31. 4495| 4597 
380 * ſeq. « Androm. . 1. 32,98 | . 23. 14,70% 
381 f Caſſiopeiæ 2,323. 58. 3432 | 3-051 359. 38. 37545276 
Bo 5 | 
| 
| | J 
my DES wa 


Declination. 
D. M 
1 
11. 42 8. 
49. 16 N. 
1. 98. 
„ 14 
9. 48 N. 
29. 11 N. 
15. 78. 
14. 39 S. 
8. 388. 
65. 9 N. 
16. 53 8. 
30. 41 8. 
27. O N. 
14. 8 N. 
5 7.8, 
10. 10 8. 
2. 12 N. 
10. 42 8. 
1. 0 N. 
o. 40 N. 
3. 23 N. | 
5. 46 N 
27. 59 N. 
VN. 
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M. ZACH's CATALOGUE OF THE DECLINATIONS OF THE 
PRINCIPAL STARS. 
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EEE — 
KS ND » 


— 
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ba by 
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20 


| 1 
p 
| Declination Annual 

Names and Places og | 

for the Year 1800, Variation, 
of the Stars. 
. IN : S. 
Polaris 88. 14. 25 N. : by 
Pelaris 88. 14. 26N. J 79,57 

„ Urſz majoris 50. 19. 4 N. — 18,20 

a Perſæi 49. 8. 10 N. ＋ 13, 50 

+ Urſz majoris 48. 49. 9N. — 13,21 

9 Perſæi 47. 8. 14 N. ＋ 12,35 
| Capella 45. 46. 50 = + 5,09 
& Cygni 44. 34. 20 N. c | 

| @ Cyem 44: 34. 19 N. TIS | 

9 Bootis 41. 11. 117 N. — 14, 64 

4 a 38. 36. 15 N. ; | 

* . 38. 36. 10 N. ＋ 2,59 

s Herculis 32. 58. 19 N. — 7,40 

Caſtor 32. 18. 54 N. c = 6,05 
Caſter 32. 18 41 N. es 

ie 7 = 7,46 

5 Tauri 28. 25% 25 N. 1 | 

8 Tauri. 28. 25. 30 N. | | r. 

| s Bootis ; 27. 55+ 32 = — 15,59 

- Ta" 6 R 

« Andromede 27. 59. 11 N. 

5 Cygni 27. 32. 51 N. ＋ 7,04 
Gemma 27. 23+ 48 N. F — 12, 0 
Gemma 27. 23. 49 N. 

4 Leonis 26. 56. 37 N 16, 46 
8 Pegaſi 26. 59. 58 N. ＋ 19,21 
_£ Geminorum Sc; 18: 3 c Fed 

s Geminorum. 25. 18. 56 N. PF 1 

3 Herculis „ = 456 | 

: Leonis 24. 41. 17 N. — 16,10 
5 e Leonis 24. 24. 27 N. — 17,50 | 

Alcione 23. 28. 34 N. ＋ 11,88 
Electra 23. 28. 27 N. + 12,04 
Atlas 23. 25. 54 N. + 11,74 
Propus 23. 15. 40 N. | + 0,75 | 


— 


F 
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PRINCIPAL. STARS. 
-| — 22 85 N ER; annie obo 
Numb. | : Declination { 4 
| Names and re 
of nd Places for the Lear 18 ke 
Stars of the Stars, o_ 1 2 5 | 
a 8 e * *| 385 | 
36 | = Pegaſi 22. 38 8 
2 ½ Geminorum 22. = 4: N £19957 
3 » Geminorum 22. 33. 69 * 0,89 
39 | n Geminorum 22. 33 5 N. 5 > oh 
49 | @ Arietis | 22. 30. 37 N. "0 
; a — GT 
| 41 } a Arieti, +3 22. 30. 40 N. 5 ss. 
| 54 2 Geminorum ] 22. 20. 19 r 
43 y Cancri er 7 BS. 10. 43 1%. E : | 
+ & Cancri 23: 9. VN. * = 
n 8 Herculis 21. 56. 2 N 1 8.38 | 
= pants 7 8 | 7 
45 | Leonis 21. 37. 1 N. r 
47 | & Tauri 21. . 3 N. + 366 
4 - y Leonis 20. 50. 54 N. E. 2 f 
. 2 Geminorum 20. 51. ON. 5 
5 C Geminorum 20. 61. CN. 1 — 4,48 
33 orgy. — — | i | 
58 y» Geminorum . a0. 1. 7 
| ** : þ * N 2 ed 
oP Arcturus 20. x. 4 E. 
53 Arcturus 20. 13. 45 N L 
„„ neee . 2. % . — 905 
ö ee EK. — 18,00 
5 . 18. 52. 52 N. Long 
- 85 e Tegaſi 18. 57. 14 N. ks 
3 4 2 Arietis * 18. 49. 30 N. 8 L188, 
229 y Arietis 18. 18. 29 N. 711885 
8 9 Sagittæ 18. 3. 11 l 
. 2 2 15 1113 
1* er 17. 43. 57 N 1 | 
2 [a Gagittz 17. 33 *N — 17,18 
63 TI ; Tauri 1 11 3. 18 N. + 1»[3 
65 9 Leonis 16. 31. 15 N. 7 #9 | 
- ——— : FRE Bk. Geminorum 16. 33. 27 N. | FTE. N 
66 | Geminorum | —E — 2-22 | 
p [ * pk 16. 3 . 28 N | s 
07 27 Serpentis 5 16. 74 40 N ED 
6 Serpentis | 16. 3. 21 N r 
69 Aldebaran 16. 5. 43 N — 11,75 
*% Mdebaran | 16. 5. 45 3 Þ+ 8,6 


[541 ] 


ZACH's CATALOGUE OF THE DECLINATIONS OF THE 


PRINCIPAL STARS. 


* 


- 4 - 
Numb Declinat ion Annual 
_ Names and Places | for the Year 1800. | Variation. 
Stars of the Stars, KA 
N | o. M., 8. 8. 
721 | Leonis 15. 41. 30 N. * 
72 8 Leonis 15. 41. 27 N. 19,96 
23 | » Delphini 15. 24. 40 N. + 12,68 
74 [a Delphini - 15. 12. 48 N. ＋ 12,21 
75 {| Tauri to. | . IN. + 9,42 
| 7 4 Bootis . 14. 35. 34 N. | — 15,85 
77 {| « Herculis 16. 37. N. — ko 
3 * Pegaſi 14. 7. N. + 19,422 
79 | &@ S 14. 7. 77 N. ＋ 19,22 
0 + Pegafi ; ISo-. 4+. 4 A 420,04 * 
81 y Pegaſi 14. 4- 15N 
82 N Delphini +: WH + 12,05 
33 e Aquilz 13. 34. 32N + 4483 
| 84 Regulus 12. 56. 23 N = 19,24 
85 Regulus 12. 56. 20 N F 
86 Cancri 12. 37. 30 m — 13, 18 
87 * Ophiuchi 12. 42. 55 N. 8 
88 | « Ophiuchi 1 its. . 
89 3 Virginis . 2, £32 — 19,54 
go | 92 Serpentis I1. 12. 66 N. — 12,57 
91 o Leonis 10. 47. 4oN — 15,94 
. Pr 10. 37. 50 N ＋ 11,73 
93 e Leonis 10. 19. 3 8 — 18,24 
94 y Aquilz 10. 8. l g | 
& y Aquile [ 10. 8. 10 N THF | 
96% | « Pegafi 8. 57. 43.N +16;10 
1 97 2 Canis minoris 8. 40. 51 — 6,51 
38 % Aquila 8. 20. 58 N + 22 
| 99 * Aquilæ 5 8. 20 48 N 951 
| 100 * Orionis 7. 21. 32. N 
. | + 1,42 
lot a Orionis 7. 21. 27 N 
102 Hydræ 7. 6. $7 N — 12,60 
103 “ Serpentis 555 „ 
104 * Serpentis „ 95 
5. 23. 22 N — 11,97 
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ZACH's CATALOGUE OF THE DECLINATIONS OF THE. 
PRINCIPAL STARS, 


, | | | ; p 5 : | 4 
| | | | , Declination | Annual 
8 1 Names and Places | for the Year 1800. Variation. 
= ny of the Stars, * 
| 2 1 5 
— — * a — 
106 B Aquilz 55. AN. | 
| 107 f quite 34} : 55. 19 — . 
108 . 5. 44. 11 N. — 7,61 | 
109 | B Ophiuchi 4. 39. 41 N. ** 255 
| 09 * 9 
110 | ? Virginis 4. 20. 13 N. — 19,66 | 
| | 9 Serpentis ; 12 N. + 
111 3. 57. 12 3797 
. 112 * Ceti 3. 17. 49 N. 0 ＋ 14,70 
113 2 Vie 3. 18. + | 
114 ginis |. iS 53. 35 . * 
5 11 5 | 8 Virg inis 2+ 53. 38 N. 19997 
| 7:16 | » Ophiuchi 2. 47. 42 N. — 1,97 | 
F 2 3 Aquilz 2. 43. 36 N. ＋ 6,44 
| | 23 y Ceti 2. 23. 17 N. T1577 
119 & Piſcium 1. 47. 0 N. 17973 | 
% 129 » Antinoi o. 30. 12 N. 8,61 
\ | 1 0 Orionis 5 27. 17 N. 292 3,38 
He: E Virginis O. 1 48 N. — 18,72 
g 123 | 5 Hy ræ . 8. 168. | — 15,86 
. 124 | y Virgins 0. 31. 48. +19,86 | 
12 5 2 Ceti o. 32. 18 8. — 15797 
e ps 5 
126 * Aquarit 4% „% *7 
\ 127 | & Aquarii 4; 'S. 5 W 
128 s Orionis I. 24. 12 8. — 43,02 
1 8 Antinoi 1. 24. 10 8. — 10,05 | 
E | = 130 | & Orioms 3. J. 37S. — 2,60 
; 3 131 | y Aquarii 2. 23 31 1 — 17,81 
132 3 Ophiuchi 3. 10. $4 + 9577 
WE} 4 Serpentis 3. 39. 32 8. — 0,93 
134 | Ophiuchi | 4+ 11. 378. + 947 | 
- F 235 9 Virginis | 4. 28. 48 +19,39 | 
| 136 | B Eridam 6. 21 116 S. — 641 þ 
137 | + Orionis 1 6. 3. 08. — 3,04 
138 8 Aquarii 6. 26. 37 8. — 15,39 
139 |. © Aquart 4 7. 7. 258. — 19,44 
140 c Hydræ 5 7. 47 56 8. ＋15,21 
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PRINCIPAL STARS. 


um. 


— —— 
— — Cn—_ 
2 — = 
— — 1 


3 Declination Annual 
7 p Names and Places for the Year 1800. Variation. 
4: Satre. of the Stars, 3 585 1 | =W 
Ms vs he: 
141 & Hydre 7. K. & + 15,21 
142 Rigel . $0, 34S 7 — 481 
1 143 8 Libræ 8. 38. 1486. ＋ 13,82 
144 a Aquarii 8. 38. 29 8 — 18,89 
i x46 * Spica 10. 6. 468 
— — — — ＋ 19501 
146 Spica 10. 6. 45 8. N 
147 s Ophiuchi 10% „ 1 + 8,02 
148 Eridani 10. 27. 58. —11,99 
149 4 Ceti It. 22. 488. 715, 
150 a Virginis 12. 26. 26S. E 
1ct | I @ Capricorni . 
15 | I 4 Capricernt 1 7. * 8. } * 
153 [2 « Capricomi th. 0. $8] — 10,50 
154 {2 & Capricorn? 13. 9. 17 1 . 
155 lib 14. 6. 428. | 253 
156 | y Eridant 14 5. 38. — 10,90 | 
157 a Libræ 15. 12. 98. c +1 5,40 
158 1 * Libre i v3 19 : | 
159 | Corvi | 1 „ +19,98 
160 5 Capricorni 15. 24. 10 8. 210,7 
55 y Canis majoris 15. 21. 68. T 4,69 
162 » Ophiuchi 1 5. 27. 58 8. ＋ 5,33 
163 s Aquaril 15. 48. 54S. — 17,14 
164 7 fo + 25. 47 3 +20,04 
16 lrius 10. 97. > 
3 . 5 ＋ 4433 
| 166 Sirius 16. 27. 58. | 
167 J Aquarii 16. 52. 59 8. — 18,85 | 
| 2768 | 8 Capricorni „ „„ — 16,19 
| 2169 [4 Crateris 19. „% 31 8. + 19,11 
I 70 y Capricorni 19. 33. 8. — 15,82 
| 171 Capricorni 17. 39. 58 8. — 14,97 
172 5 Canis majoris 5 05: £2 + 1,18 
I73 * Leporis 17. 58. 22 8. — 3,18 | 
I 74 9 Capricorni „ — 13,81 
175 » Scorpii 18. 55. 46S, | | +19,03 
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PRINCIPAL STARS. 


i 


Annual 


Ee Se Declination 
of Nams and Places for the Year 1800. Variation. 

| Stars of the Stars. | ho 3 

5 D. M. 5. 8. 

176 8 Ceti 19. 65. 9 8. | | — 19,84 
177 g Scorpiu 19. 14. 46 S. + 10,52 
178 6 Sagittarii 21. 5. 508 — 0,09 

| 179 | = Sagittarii 21. 19. 45 8 — 4495 
180 Corvi 21. 30. 32 8 ＋20, o5 
1817 3 Scorpii PAY 22. 2. 30S. | +10,92 
182 o Sagittarii.. 22. 1. 21 8 — 09 
183 8 Corvi _ | 128. 17. 19 $. +19,94 
184 y Leporis | '22. 31. 15 8. — 2,11 
185 : Corvi 23. 36. 50 8 ＋20, o4 
186 y Scorpii 24. 29. 10 8. + 14,67 
187 | 9 Ophtuchi k 24. 47. 17 8. + 4,43 

5 0 44 

188 o Scorpli '25. 6. 88. + 938 
189 | Scorpi 25. 31. 368. ＋ 11,06 

1190 Antares 25. 58. 388 

—— — —— * * * 8,75 
191 Antares 25. 58. 23 8 5 

1092 |. Canis majoris 26. 5. 10 8 3 5,18 
193 Canis majoris 28. 42. 29.8 + 4,38 
194 @ Canis majoris 29. 58. 50 8. T 1,07 
195 Fomalhaut 30. 40. 38 8 — 19501 


— 


1 


IN theſe two Catalogues, the right aſcenſions and A lens of the ſtars 
denoted by 1[talic characters, were taken from Dr. MasxELYNE's Catalogue 
of fundamental ſtars; by a compariſon with which, M. de Zack found the 


right aſcenſions of the other ſtars, as given in the firſt Catalogue, by a tranſit 


inſtrument eight feet long, made by Mr. RAMs pEN. In the ſecond Catalogue, 
the declinations of the ſtars which were not taken from Dr. MAasKXELYNE's 
Catalogue, were computed from obſervatiohs made by M. Cass1n1 at Paris, 
from 1778 to 1790, by a quadrant of fix feet radius. The variations in right 
| aſcenſion and declination were taken from Mr. WoLLasToN's Catalogue, 
except thoſe of Arcturus and Sirius, to which are added their proper motions in 


declination, as determined by Dr. MAsKELTNE. 
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CATALOGUE 


THE PRINCIPAL FIXED STARS, 


IN 
RIGHT ASCENSION, any NORTH POLAR DISTANCE; 
' ADAPTED TO THE YEAR 1790: 


WII 


Their MAGNITUDES, and ANNUAL PRECESSIONS in 
' RIGHT ASCENSION, and NORTH POLAR DISTANCE. 


BY 


TOBIAS MAYER. 
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 MAYER's' CATALOGUE OF, THE PRINCIPAL; STARS. 


— — 
— . 


. 1 — 
— —— — — 


[ 
1 
þ 
| | 
4 
g 
1 


T — | 27 | — 4 TH 
| | | Right A | 
Numb. Names 84 eee e North polar Annual 
E 5 eee eee, eee eee eee 
7 7 4 in Degrees. Fowogy [in Time. e r | 
9 ae IS | ; 1 | | 
WP ets AEST FE ©. "3, . 
* y ii | 2 | 0. 36. 35 | 46,07 [o. 2. 26, 3 3,071 75. 59. 0 J— 20,04 
Piſcium 7 | 1. 2. 41 | 46,07 || ©. 4. 10,7 | 3,071 || 82. 20. 44 |- 20,04 
b wi. 8D . 46,08 [o. 5. 48,1 3,072 Ei SS. 32 , |— 29,04 
| 8 | 1.'28, 38 | 46,03 || © 5. 54,3 3,069 || 89.18. 5g _ |— 20,04 
7 | t. 45. 20 | 6,03 [o. 7. 1,3 | 3,069 89. 28. 46 f 20,04 
d Piſcium 6 | 2. 27. 10 | 46,12 [o. 9. 48,7 | 3,075 || 82. 58. 34 ( 20,03 
I 7] 3-16. 41 45,95 [o. 13. 6,7 3,063 93. 22. 47 ( 20,01 
Piſcium [6,7] 3. 39. 48 46, 4 || 0. 14. 39,2 | 3,009 9. 13. 27 |—20,01 
Ceti | 7 3. 58. 3 | 45999 [. 15. 52,2 3,066 2 12. 47 20, oo 
! 8 4. 8. 43 | 46,06 || 0. 16. 34,9 | 3,071 14; 80. 87. 54 2 
11 6,7] 4. 50. 10 46,188. 19. 20,7 | 3,079 || 84. 30. 18 — 19,97 
12 Piſcium |6,7] 5. 23. 42 46,1 || 0, 21. 34,8 | 3,081 || 84. 12. 21 — 19, 
13 | 9 | F. 41. 19 | 45,96 [. 22. 45,3 | 3,004 || 91. 45. 57 |— 19,95 
14 6, 7 6. 11. 40 45, o. 26. 46,7 | 3,004 [| 91. 39. 32 — 19,93 
1 5 7,8] 6. 50. 214595. 27. 21,4 3,063 || 91. 39. 30 f 19,91 
16 6 . 30. 27 45,7 [. 30. 1,8 | 3,051 || 95- 30. 37 19,88 
17 88. 35. 33 497 (%, 34. 22,2 3,065 yy 53. 38 . 19,82 
18 6 | 9. 18. 17 | 46,33 [. 36. 33,1 | 3,089 || 84. 24. 23 — 19,7 
19 10,7] 9. 20. 2 46,26 || 0. 37. 21,6 | 3,084 || 85. 47. 26 — 19,78 
20 7,8] 9. 20. 58 | 46,37 || 0. 37. 23,9 | 3,091 || 83. 50. 57 19,78 
21 [ Piſcium 4 | 9. 27. 46,39 [o. 37. 48,4. | 3-093 || 83. 33. 33 — 19977 
22 7,8] 10. 7. 42 | 46,16 || 0. 40. 30,7 | 3,077 87. 45. 16 10,73 
23 — | 6 | 10. 34. 25 45,87 [. 42. 17,7 3,088 || 92. 17. 10 |— 19,71. 
24 | 8 | 10. 37. 59 | 46,21 || o. 42. 31,9 | 3,081 || 87. 3. 1 — 10,70 | 
25 8,9] 11. 6. 49 46,40 [o. 44 27,2 | 3,093 84. 17. 10 — 1,67 
26 7 | 11. 17. 20 | 46,92 || 0. 45. 9,3 3,128 || 77. 11. 18 — 19,66 
27 7 | 11. 43. 49 | 46,93 0. 46. 5497 | 3129 || 77- 26. 31 |—19,63 
28 7,8] 11. 51. 45 | 46,43 [O. 47- 27,9 | 3-995 || 84. 17. 28 — 19,62 
29 7 | 12. 14. 27 | 46,42 || 9. 48. 57,8 | 3-995 [| 84. 39. 9 |— 19,59 
30 -| « Piſcium 4 + 480 it 46,55 [o. 52. 4z1 | 3,103 || 83. 14. 34 — 19,53 
31 5 8 | 13. 13. 35 | 46,47 || 0. 52. 54,3 3,098 N 84. 21. 53 |— 19,51 
32 Piſcium 7,8] 13. 30. 13 46,39 [o. 54. by 3,093 || 85. 28. 19 |—19,49 
33 75,80 13. 44. 43 6,33 [o. 54. 58, 3,089 || 86. 12. 41 — 1,47 
34 Ke 8 | 14. 21. 46,79 || 9. 57. 2445 3,119 || $1. 13. © — 10,42 
35 | © Piſctum 5 | 14+ 23. 43 | 46,42 || 0. 57. 349 3,095 85. 27. 45 [= 19,42 
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MAYER's CATALOGUE OF- THE'PRINCIPAL'STARS. 
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ot the Stars. | 
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| North polar 


{ 
Annual 
Distanice. — 
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MAYER's CATALOGUE OF THE PRINCIPAL STARS. 


"potter 1 PF PE 
Tas), mes Lg // / OD; ror ater | Anon | 
hy 88 Ascension Variat. Ascension Variat. ; 1 
I... 1 and Places — ; Distance- Preces. 
; F in Degrees. + in Time. + 
Stars, | of the Stars. | & | | 
3 > Thr 8. . 1 4 8. 1 8. 
71 | Piſcium 8 | 29. 3. 56 | 49,00 |} 1. 56. 15,7 | 3,267 || 72. 58. 36 |—17,52 
r 729. 45. 3 [49,35 [. 59. %% | 3,390 || 1. 29. 47 17 
i 9 | 29. 54. 15 | 49473 || 7+ 59. 37,9 3,315 69. 37. 12 1,38 
74 | n Anetis 6 | 30. 15. 49 | 49974 || 2* 1. 3,3 »| 3,316 || 69. 47. o |—-17,32 
25 | 1.£ Cen 4 | 30. 28.'29 | 47,42 [2 1. 53,9 | 3,161 || 82. 8. 39 |—17,28 
76. Arietis | 7 | 31. 24. 17 | 48,68 || 2. 5. 37, 3,245 75. 42. 46 17,71 | 
| 77 |: 9 Arietis | 6 | 31. 36. 58 49,622. -6. 27,9.-| 3,308 || 71. 4. 41 j—17,08 
78 „ 1733. 17. 4 4e 9. 'B,2 | 3,002 25.7 18. 58 |— 16,95 
79 [& Arietis 5 33. 23. 47 47,902. 13. 35, 13,193 80. 20. 53 — 16,74 
80 2. E Ceti | 4 | 34. 15. 18 | 47,51 [ 2- 17. 1,2 3,167 82. 29. 18 — 16,57 
87 : [7+8] 34. 43. 13 49,93 2. 18. 52,9 | 3,329 || 71. 5. 5 16,48 
82. | v Ceti 4, 5 36. 13. 11 | 46,99 2. 24. 52,7 3,133 || 85. 19. 4g 16,18 
83 {» Arietis | 6 |. 36. 43. 46 | 50,03 || 2. 26. 55,1. 3,375 || 08. 57. 18 |—16,07 
84 | 3 Ceti 37. 11. 10 | 45,90 || 2+ 28. 44,6 || 3,000 || 90. 35. 3 © 15997 
85 4 Arietis 637. 38. 1050, 26 2. 30. 32,7 3,351 70. 53. 28 |—15,88 
86 [ Arietis 6 [ 38. 14. 56 4,1 2. 32. 59,7 | 3-281 || 75. 35. 8 [15,75 
87 | « Ceti 438. 24. 3 48,42. 33. 30,2. 3,203 80. 46. 50 [— 15,71 | 
88 * Arietis 6 | 39-'23. 53 | 49,81 || 2- 37. 35,5 | 3,321 || 73. 25. 4 5,49 
89 | Arietis 6 39. 58. 45 | 49,28 || 2+ 39. 55,0 3,285 75. 47. 32 - 15,37 
90 2. e Arietis 641. o. 28 50, 162. 44 7,9 3,344 72. 31. 32 15,73 
93. e Arietis 41. 8. 55 50, 10 2. 44. 3, 3,340 72. 49. 16 — 15, 10 
92 | + Arietis 5 | 41. 48. 25 51,01 2. 47. 13,6 | 3,401 || 69. 30. 33 f 14,95 
93 A Ceti 44. 7-15 | 47,92 || 2+: 48. 29, 3,195 ||. 81. 56. 19 — 14,87 
94 - | « Ceti. |2 442. 49. 54 79 2. 51. 19,6 | 3,119 || 86. 44. 29 |— 14470 
9 | 8 Perſei' | 3| 43. 38. 15 57, 2. 54. 33,0 3,845 [ 49. 51. 55 — 14551 
96 8 44. 19. 44 51, 10 2. 57. 5,9 3,407 70. 2. 55 — 14,34 
09-19 1 | 7 | 44 24. 43 | 59973 (2 57- 38,8 3,382 71. 25. 35 14,32 
98 | Arietis 444. 54. 33 50, 87 2. 59. 30,1 3,391 || 71. 4. 42 — 14920 |, 
99 L Arietis 5 45. 42. 48 51,313. 2. 51, 3,421 || 69. 44. 35 10 
100 | I. 1 Arietis | 547. 16. 48 51,493. 9. ½ 3,433 69. 37. 13 — 13,50 
— — — — * . 
roi a Perſei 247. 21. 19 63, 5 || 3. 9. 25,3 4,203 40. 54. 3 |— 13359 | 
102 2. + Arietis | 6 47. 40. 20 51, 413. 10. 41,3 3,4270. 1. 11 13,50 
103 . b. 18 51,46 3. 12. 21, 3,431 69. 57. 15 — 13,39 
104 | « Tauri | 4 | 486 5 | | 48,20 3, 13. 3244 3,213 81. 43. I2 13,31 
105 | © Tauri 4 48. 57. 10 48,41 3. 15. 48,6 4 3,227 [ 81. o. 37 13, 16 
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MAYER's CATALOGUE 'OF THE; PRINCIPAL STARS. 
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| 
| 
| 
| 


— | I IE 
wr | I 
Right \ Right Annual [1 
Names < 5 ; ; 4 [1 
—_ Ascension Ascension Variat. 
and Places 21 2 mh TY 6 + 
of the Stars, 8 . 8 | 
| D M. 8 H M. 8 S. 
7 | 49. 17. 21 3. 17. 94 3,259 
1 7 3. 17. 52,7 3,359 
s Tauri 40. 44. 18 3. 18. 57,2 3,259 
1 f Tauri . 18 49. 49. 30 3. 19. 18,0. | 3,289 
t Taurt :þ © | 0, 18. 50 3. 21. 15,3 3,225 
7 | 50. 33. 425 3. 22. 13,6 | 3,353 | 
2171. 30. 8 3. 26. 1,0 3,343 
„ „ . 05. 68 3. 27. 34,5 3,367 
g Pleiadum 653. 5. 15 3. 32. 2149. | 34535 
.b Pleiadum | 5 | 53. 6. 29 3. 32. 25,9 | 3,531 | 
nn 9-0-5 3. 32, 38,9. | 3,543 
e Pleiadum | 5 | 53. 7 7 3. 32. 44, 0 | 3,540 
e Pleiadum 6 53. 20. 21 3. 33. 27,4 þ 33539 
k Pleiadum 753. 21. 20 3. 33. 25,3 3,843 
1 Pleiadum 7 53. 23. 29 3. 33. 33,9 (3,543 
d Pleiadum. 553. 28. 23. 3- 33+ 553,530 
125: [-þ Rn. 453. 43. 28: 3- 34 5.535 
3 ö Pleiadum 3 53. 45. 23 3 35. 1,583,535 
Ff Pleiadum 5 54. 10. 30 3. 30: 4240. 3,537 
h Pleiadum. 6 54- 10. 43 3. 36. 42,9 3,339 
e Tauri( 4 54. 11. 36 3. 36. 46,4. 3,269 
e 0 7 54. 13. 15 3. 36. 5233,45 
a 575g 17. 38 3, 41. 1033 . | 3,397 
O44 44 OP | [JO . 003 3. 44. 28,7 3,813 
a Tauri 457. 16. 1 | 3: 309. 4 34304. 
131 | a Tauri: _. * 58. 4. 30 3. Fa. 18,0 3,515 
4788. 13. 47 3. 52. 5, 3,514 
Þ Tauri; 5 58. 30. 43 3. 54. 2,9 3,685 
1. „% Tauri 66 59.1. 4 3. 50. 56,2 | 3,465 
p Tauri. “ 6 59. 31. 3.58. 40 3,628 
6 21 „ Tauri „6 | (61. 14. 34 4. 4. 58,3 [3,495 
7.1 % Tauri 5 | 61. 51. 57 4.4 7. 27,8 3,664 
e 43 | Or. 57. 47 4. 7. $751 3,387 
. Taari „7 62. 1 2 4. 8. 8,343,354 
1 h Tauri 62. 10. 42 4. 8. 42,8 3,375 
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MAYER's CATALOGUE OF THE PRINCIPAL STARS, 


Vol. II. 


| 
Right Annual Right Annual . ; | | 
Numb, Names = 1 1 Varies. N ny polar | Annual 
of wand Places 8 „ | Distance. Preces. 
= | in Degrees, + in Time. + 
Stars of the Stars, | 8 
| . 8. H. M. 3 8. D.. . 8. 
— — — Wy <—_ . — 
141 * 62. 16. 13 50, 23 4. 9. 4,9 3,3490 || 76. 39. — 9,33 
142-| x Tauri 562. 27. 17 | 54435 || 4+ 9. 4, 3,623 64. 52. 4 "v7 
143 62. 33. 31 | $0,31 || 4. 10. 14,1 3,354 || 76. 25. 58 — 9,23 
144 1. 9 Tauri,- | 4 | 62. 42: 33 | 51,48 || 4. 10. 50,2 | 3,432 || 72. 57. 48 09,19 
145 | | 62. 50. 29 | 51,26 || 4. 11. 21,9 | 3,411 || 73. 54. 43 | —Q,i5 | 
146 | 2. 9 Tauri | 5 f 63. o. 3 | 51,46 || 4. 12. 0,2 | 3,431 || 73, 3. 22 | —g,1o 
147 | 3. 9 Tauri 6 | 63. 20. 3r | 51,65 || 4. 13. 22,1 | 3,443 || 72. 33. 58. | —8,99 
148 | 1. „ Tauri | 5 | 63. 26. 15 | 53,38 || 4+ 13. 4550. 3,559 || 67. 40. 3: | —8,97 | 
- $4994 | | 63. 35. 46 | $0,88 || 4. 14. 23,1 | 3,392 || 74. 52. 15 | —8,91 
150 | 2. v Tauri 6 | 63. 41. x6 53,47 || 4+ 14. 45,1 3,565 || 67. 29. 25 | —8,88 
151 M Tauri 5 63. 41. 17 50, 58 4. 14. 45,1 3.372 || 75. 46. 28 | — 8,88 
1 52 763. 41. 50 51, 20 || 4. 14. 4743. 3,413 [ 73. 54. 55 | — 8,88 
153 | « Tauri 3, 4] 64. 5. 29 52, 12 4. 16. 21,9. 3,475 || 71. 17. 56 | —8,76 
154 \ | 64. 7. 36 | 50, 60 4. 16. 30,4. 3,373 || 75. 44. 23 | =8,75 
155 | 1. 9 Tauri | 5 | 64. 8. 5r * | 51,02 [ 4. 16. 35,4 | 3,401 || 74. 30. 59. | =8,75 
156 | 2. 9 Tauri | 5: | 64. 10. 16. | 59,99 || 4. 16. 41,1, | 34399 || 74. 36. 28 | —8,74 
„ | 8 | 64. 29.:56 | 52,38 || 4+ 1. 59,7 3,492 || 70: 37. 52 — 8,63 
I;8. 64. 32. 38 | 59,95 || 4. 18. 1055.-] 3,397 || 74. 45. 4 | — 8,62 | 
159 164.38. 18 | 51,42 4. 18. 33,2 3,498 || 74. 16. 348, 67 
160 1 64. 40. 14 50, 95 4. 18. 40,9. | 3,397 || 74. 46. 38 | —8,58 
161 764. 41. 35 | $1,10 || 4- 18, 46,3 | 3,497 | 74. 19. 16 | —8z57 
162 5 778 65. 24. 32 51,20 || 4. 21. 3851 3,413 74. 7. 59 | =8,34_ 
163 | e Tauri 565. 29. 12 | 50,70 || 4. 21. 56,8 | 3,380 || 75. 36. 36 | —B,31 
ag + | 6: 8 | 65. 44. 3 | $1,29 || 4 22. 56,2 | 3,419 || 73. 55. 18 — 8,24 
165 65. 51. 19 | 52,48 || 4. 23. 25,3 | 35499 || 79. 34 o | —8,20 
166. | « Tauri 1'| 65. 58. 15 , 30 || 4. 23. 53,0 3,420 73. 55. 32 — 8,16 
167 ; || 1.65. 32.:13 | 51,46 || 4. 26. 8,9. 3,411] 74. 24. 4 8, oo 
168 | 1. o Tauri | | 7 | 06. 47. 43 | $1,909 || 4. 27. 10,8 | 3,406 || 74. 37. 39 | — 7,90 
169 | 2. Tauri 6 66. 49. 9 | 51,13 || 4. 27. 16,6 3,409 || 74. 30. 43 | — 7,89 
170 | Tauri $5 | 67. 24. 53 | 53972 || 4- 29. 3995 | 3,581 ||. 67. 27. 36 | — 7,70 
171 768. 30. 25.52, 20 || 4. 34. 1,7 | 3,480 |} 71. 39. 31 | 7,35 
273 |- 1 .r 4 8:| 09. 6. $2,23 || 4. 36. 24,0 | 3,482 || 71. 39. 6 | — 7,16 
173 i Tauri 669. 46. 29 | 52,30 || 4. 39. 5, | 3-487 || 71. 31. 54 | —6,94 
174 | 1. Orionis [4, 5 70. 10. 1- | 50,68 || 4. 40. 40, 1 [3,379 || 76. 6. 45 | —6,81 
175 1 „F 4 28. go | 51,68 1 4. C93 3,6 73. 20. 2 — 0,71 | 
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MATTER Ss CATALOGUE OF THE PRINCIPAL STARS. 
, 4 ; 3 3 1 ? 
| | | — [ 
4 . | 7 IP . 1A 1 i 
Numb. Names |S 18355 1 N | 2 0 North polar Annual 
= Ascension | Variat. || Ascension ]Variat. . 
of and Places . n | : Time | + Distance, Preces. 
. ; Ses. | | in 11me., : ® | 
Stars. | - of the Stars. 8 |; 55 wt T ; 1} ' IF 
41 
| 5. *. 8 

176 $ | 70. 42. 57 

177 870. 48. 50 

178 6,7 71. 16. 17 

179 4 | 6 71. 18. 49 

180 6,7] 71. 46. 19 

. 177. 65. 27 

182 Tauri 4. 72. 30 19 
1 | LL 04-40 5: Se 37. 49 

134 | 1. y Orionis | 1 42 
N. 3 BOT FN oa OWS OY 2 + af | als 
186 m Tauri 6573. 45. 22 

187 | 1. 1; Tauri | 6 | 93: 50. 84 
j 188 | 2. y Orionis | 6 | 74; 25. 22 

189 | a Aurige | 1 | 75. 17. 56 

neee 
191 8 Orionis 176. 6. 0 
| 192 n 'Tauri ; FS, | 6 76. ; „en . 
193 2. | Tauri 3 76. 42. 211 
194 3 3 f 76. . 136 1 
| 195 k 2 72. 8. 3 * 
196 0 | 77. 13. 41 
„ T 1 4: 758 77- 31. 21 

198 | 8 Taun 2 | 78. 15. 23 
199 y Orionis 278. 28. 15 
LEES. IK. . 
| 201 1 G Tauri 5 78. 45. 25 ns 
202 x Aurigæ 579. 46. 2 | 58 19 
203 6 Leporis 5 79. 48. 47 38,475. 19, 15, 
18288 A” [7,8] 80. 17. 32 | 53,33 || 5- 21. 10,7 
205 9 Orionts | 2 | 80. 19. 2a 45,86 5. 21. 8 | 
206 Orionis 6 80. 30. 4 57, cr 5. 22, 053 

207 4 Leporis | 3 | 80. 52.7 | 39,59 || '5+ 23; 32,4 
208 { Tauri |. 3 | Sr. 16.29 | 53,63 |||'5. 25; $9. 
209 E Orionis . 281. 23. 32 45,5 S. 25, 3% 
31 | | $1. 40. 58 | 55,99 || 5. 26. 43,9 


1 


} 


MAYER's CATALOGUE OF THE PRINCIPAL STARS. 


| | | | 
Want Mike | & Right | May | 1 | N F © ls 8 
ö f 3 Ascension Variat. || Ascension Variat. N 
of and Places 1 | 7 Distance. Preces 
: in Degrees, || + in Time. + | 
Stars. of the Stars, | 7 | 
| = i. « | 8: . 4 8. 5. 1 is 
211 [% Orionis | 4 | 82. 3. 15 - [45,07 || 5: 28. 13,0 | 3,005 92. 44. 2 | —2,77 
212 | Orionis 2 | 82. 32. 35 45,30 || 5- 30. 10,3 3, 20 || 92. 3. 59 | —2,60 
1 213 | 83. 12. 357 52,72 [F. 32. 51,8 mn 71. 24 5 2,37 
214 7.80 83. 37. 7 53,345. 34. 28,4 3,556 69. 49 0 —2,22 
| 215 7780 83. 45. 35 5145. 35. 2,3 | 3-009 || 65. 24. 49 | —2,17 
216 5 83. 47. 53 -| $2436 [ 5. 35. 11,5 3,490 72. 21. 53 | —2,16 
217 | y Leporis 44, 3 83. 55. 55 -| 37575 || 5+ 35. 4397 | 24517 || 112. 31. 26 | —2,11 
218 21 83. 57. 45 53,595. 35. 51,0 | 39573 || 69. 13. 52, 10 
219 6,7 84. 2. 0 55,10 |} 5. 36. 8,0 3,673 654 31. 11 | — 2,08 
220 84. 5. 31 | 49442 || 5- 36. 22,1 3,295 80. 20. 3 | —2,06 
221 | x Orionis | 3 | 84. 27. 2 42,59 || 5- 37- 48,1 2,839] 99. 45. 23 | —1,93 
222 7,8] 85. 12. 46 53,38 || 5- 40. $1,0' 3,559 69. 45. 57 | — 1,68 
223 | 1. x Orionis | 5 | 85. 29- 19 53,38 || 5- 41. 57,3 | 3,559 || 69. 47. 37 | —1,58 
224 | 2. x Orionis | 7 | 85. 37.:38 53,17 || 5- 42. 3, 3,545 70. 18. 26 | —1,53 
225. | & Orionis 1 | 85, 57. 9 48,60 F. 43. 48,6 | 3,240 82. 38. 50 | —1,41 
226 86. 14. 28 | $5974 || 5+ 44. 57,5 3,716] 64. 5. 20| —1,32 
227 8 | 86. 56. 2 54,46 [ F. 47. 441 | 3,031 67. 7. 49 | — 1,07 
228 7 | 87. 15. 11 154426 . 49. 0,7 3,617 || 67. 37. 16 | —0,96 
229 „0 87. 45 3 52,45 fg 5 5 T. O52 37497 72. 11. 55 — 0, 79 
| 230 | 4. x Orionis | 5 | 87. 45. 17 53,18 [ 5. 51. 1,1 3,545 70. 19. 15 | —0,79 
| 231 h Geminorum| 4 | 87. 50. 23 54563 5. 51. 21,5 | 3,042 }| 66. 44. 24 | —0,75. 
232 3. x Orionis | 7 | 87. 51. 42 5336 F. 51. 28 | 3,557 [ 69. 52. 19 | —0,75 
233 | | 88. 46. 4 5432 F. 55. 493 | 3-021 || 67. 29. 42 | —0,43 
234 7.4 89. 13. 16 540 5. 56. 53,0 | 3,013 67. 47. 33 | —0,Ü27 
235 89. 14. 45 54.58 F. 56. 5% 639 656. 52. 5 —0,27 
Canes 1 IS 11 _— ee, | 
236 7,8] 89. 26. 37 54564 . 57. 46,5 3,636 66. 58. 37 — o, a0 
237 6 | 89. 53: 44 | 53524 || 5- 59. 349 3,5490 70. 10. 45 | -o, 
238 | Geminorum 7,8} 89. 53. 49 | 54350 5. 59. 3,3 | 3-033 || 67. 3. 34 | —0304 
1 239 | » Geminorum| 4 | 90. 33. 1 54,346. 2. 12,1 | 3,023 f| 67. 26. 52 | +org. 
| 4&7] --? 6 | 90. 37. 20 | 5301 |} 0. 2. 28,3 3,534 70. 47. 11 | þ0,22 
| 241 90. 52. 16 | 54495 || 6. 3. 29,1 | 3,663 65. 58. 39 | +0,30 
242 Geminorum 91. 2. 25 54,84 6. 4. 97 | 3,056 66. 14. 21 | 0, 36 
243 | 91. 31. 39 54,80 [ 6. 6. 6,6 | 3,053 || 66. 19. 51 | +053 
244 491. 38: 4 | 54374 || 6. 6. 3243 | 3,649 || 66. 27. 50 70,57 
245 91. 39. 6 54,67 6. 6. 36,4 | 3,645 || 66. 39. 32 | 0,58 
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MAYFR's CATALOGUE' OF THE PRINCIPAL STARS: 


| 
| 
4 


| | i | . 
Numb. Names — E W res OY KEE; North polar Annual 
| 09 Ascension Variat. Ascension Variat. : a 
of and Places 5 8 5 + Mi + Distance. Preces. 
Stars, | of the Stars. & | 
v. M. 3. | 8. 1} H- M. $ 8 5. M. 8 8 
246 8 | 92. 10. 11 | 53,79 [ 6. 8. 40,7 | 3,586 68. 47. 22 | +0,70 
1247 9 | 92. 12. 5 | 53,82 || 6. 8. 48,3 3,588 68. 43. 13 | +0,77 
ags |; : 92. 14. 52 | 54,87 || 0. 8. 59,5 | 3,058 || 66. 9. 24 | +0,78 
249 | Geminorum 3 92. 33. 39 54,36 || 6. 10. 14, 3,024 ||, 67. 23. 34 | +0,90 
250 | Geminorum| 93. 16..37 | 54,00 || 6. 13. 6,5 | 3,600 [ 68. 15. 16 | +1,14 
251 |, Geminoru 93. 48. 52 | 53,06 || 6. 15. 25,6 | 3,577 || 69. 5. 44 | +1433 
252 „ ii} | 8 40 | $3554 |} C . 2751 | 3,569 89. 23. 36 | +135 | 
2531 Geminorum 4 94+ 7. 20 53743 | 6. 16 29,3 3,502 69. 40. 11 ＋ 1,44 
254 Geminorum 8 95. o. 25 |-52,48 || 6. 20. 1,7 | 3,499 72. F. 16 | +1,75 
4 255 5 17.9 95 O. 41 52,48 6. 20 2,7 35499 | 72. 5 O ＋ 1,75 
256 yy 8] g5. 41. 48 | 51,87 || 6. 22. 47,2 | 3,458 73. 38. 47 | +1,99 
2567 | Geminorum 2, 3] 96. 23.34 | 51,95 || 6. 25. 3443 | 3,403 || 73. 26. 8 | þ+2,23 
| «$0 74j £ -7þ* £6 96. 29. 27. | 51,95 || 6. 25. 57,8 | 3,463 || 73. 25. 8 | +2,26 
259 | Geminorum| 8 |. 96. 54. 20 | 53,20 || 6. 27. 37,3 3,547 || 70. 9. 48 | +2441 
260 |, 66, 7 97. 32. 29 | 52,41 || 6. 30. 9,9 | 3,494 || 72. 9. 48 | +2,63 
— — — — . — N 
- 26r | « Geminorum! 3 | 97. 45. 2 | 55,42 || 6. 31. o, | 3,695 || 64. 40. 37 2, 70 
| 262 f. E Geminorum 5, 4 98. 2. 10 50,76 || 6. 32. 8,7 | 3,384 || 76. 34. 26 | +2,80 
263 [2.£ Geminoru 98. 22. 35 | 50,64 || 6. 33. 30,3 | 3,370 76. 53. 25 | +2,92 
264 | « Canis 1 | 9B. 58. 40 | 40,18 || 6. 35. 54,7 | 2,079 || 106. 25. 39 | +313 | 
265 99. 28. 48 | 50,82 || 6. 37. 55,2 | 3,388 76. 21. 30 +3,30 
266 [d Geminorum| 6 | 99. 44. 17 | 54,00 || 6. 38. 57,1. | 3,600 || 68. o. 23 73,39 
267 [e Geminorum| 6 | 100. 41. 51 | 50,72 || 6. 42. 47,4 | 3,381 76. 34. 10 3472 
268 | 758 101. o. 4952, 41 6. 44 3,2 3,494 72. O. 17 43, 83 
69 - i. I 102: 22. 1052,47 || 6. 45. 28,7 | 3,49 71. 50. 12 | + 3,96 
| 270 Geminorum 7 8187. 27. 3355,75 6. 45. 50,2 | 3,717 63. 39. 29 | +3,98 
271- 7 3-103. 37. 15 55,67 || 6. 46. 29,0 | 3,711 63. 48. 59 | +404 
272 9 | 101. 58. 53 54,03 || 6. 47. 55,5 | 3,042 66. 16. 57 | +4,16 
4791 14-1 8,9] 102. 2. 45 | 51,77 || 6. 48. 11,0 | 3,451 73. 38. 42 | +4,18 
| 274 ff. Geminorum © | 102. 24. 2 | 54,94 || 6. 49. 36,1 | 3,063 || 65. 30. 1 | +4,31 
| - 275 & Geminorum| 3 | 102. 54. 36 | 53,47 6. 51. 38,4 | 3,565 69. 8. 11 | +4,48 
276 fz. „ Geminorum| | 103. 9. 46 | 54,28 || 6. 52. 39,1 | 3,619 || 67. 3. 46 | +4,56 } 
277 | 15 8 | 103. 31. 1052,37 [ 6. 54. 440 | 3,491 71. 57- 5 | F408 
278 o Geminorum| 7 | 104. 4. 42 | 51,69 || 6. 56. -18,8 | 3,446 73. 44. 47 | +4,86 
279 | 5 Gemmorum| 5 | 104. 26. 20 | 57,49 || 6. 57. 45,3 3,833 59. 25. 33 | +4499 
280 m Geminorum © | 104. 54. $4 | 54983 || 6. 59. 39, | 3,055 || 65. 32. 7 5,16 
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North polar 


A 


Annual 


Preces. 


* 


— | Right 
Numb. Names - ; 
| 0 Ascension 
E a 
* in Degrees. 
Stars. of the Stars. I 
N D M. 8 
281 4 75 4 $4 30 1-38 
282 n Geminorum| 5 | 105. 27. 33 
283 7,8] 106. o. 52 
284 471 106. 10. 16 
285 | Geminorum 5 | 106. 30. 14 
286 | 5 Geminorum| 3 | 106. 53. 28 
287 | q Geminorum|6, 7] 107. 23. 5 
288 | a Geminorum|5,6| 107. 39. 54 
289 7580 107. 50. 40 
290 7 1 207-: (c-\ 3 
291 | + Geminorum[4,5| 108. 10. 2 
| 292 . 749] 108. 36. 15 
| 293 | Seminorum 6 | 108. 48. 53 
294 | s Geminorum| 5 | 108. 53. 33 
295 ff. b Geminorum © | 109. 3. 35 
296 |2.bGeminorum I09. 10. 58 
| 297 | « Geminorum 1, 2 110. 17. 35 
298 | k Geminorum| © | 110. 24. 8 
299 | v Geminorum| 5 | 110. 44. 22 
300 111. 18. 53 
301 7 | 111. 22. 38 
302 , 7 Þ III, 37.2 
303 f Geminorum| 6 | 111. 49. 59 
304 | Canis min. | 1 | 112. 4. 57 
305 7,8] 112. 14. 36 
306 | o Geminorum| 5 | 112. 32. 24 
307 7 | 112. 48. 30 
308 [e Geminorum| 6 | 112. 49. 16 
309 | x Geminorum|4, 5| 112. 56. 14 
310 [f Geminorum| 2 | 113. 6. 59 
311 | g Geminorum| 6 | 113. 29. 15 
1 312 5 114. 55+ 49 
313 | @ Geminorum| 6 | 115. 9. 20 
314 | 1 Geminorum| 7 | 115. 50. 50 
315 | 1. Cancri | 6 | 117. 2. 58 
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ͤ—— —— —_ OC —U— -ꝙůe 
1 m—_— 
— 


. Be. 


N (27 Weng F ol 
q Right Annual Right 181 Annual Be. | 
4 I | | | » N 
Namb. Names | 8 Axcension Varia.“ Ascendea . | Variat. ond polar Any 
of and Places E 4D « &# 10 ee + Distance, Preces. 
| Stars. of the Stars, Ez 4 W LI iI | | . | 
£446 c | D/ M. 5 3 . KK. 3. 8 ; 2 
| ! 1 36D 2. c Cancri 4.126. 40. 3248,94 8. 26. 42, 3,263 79. 42 8 ＋ 11,98 
352 » Cancri 71326. 54. 23 | 52,00 8. 27. 3, 3,467 9. 29. 39 (112,03 
353 7 | 126, 56. 47 |: 51,93 || 8. 27. 4645 3,402 69. 43. 50 12,5 
354 i 126. 59. 37 52727 8. 27 5 3,481 | 68. 51. 35 |+12,07 
RF b eee e, e ee 
356 7127. 1. 21 52,0% 8. 28. 5, | 3,471 69. 17. 56 12,08 
357 217. 4. 22 | $1497 [ 8. 28. 17,4 3,45 9. 35. 36 1209 
358 727. 5/46 | $1393 | 8. 28. 23,1 | 3,402 69. 43. 27 [+1210 
359 le Carcri 7 | 127. 9.37 57,98 [ 8. 28 38,5 37465 | 69. 32. 53 ＋ 12,11 
360 74127. 13. 8 | $1993 || 8. 28. 52,5. | 3,402 69. 41. 12 1213 
WJ; 51 . [7 | 127, 26. 15 52,01 8. 29. 45,0 3,467 69. 23. 19 +12,19 
362 | Caneri 4127. 46. 42 | 52,49 || 8. 31. 3,499 67. 47. 15 12,28 
3631. a Cancri 012127, 54. 17 49,80 [ 8. 31 37, | 34320 76. 34. 38 [＋T12, 32 
364 | 9 Cancrt 4 | 128, 10. 55 | 51,42 || 8. 32. 43,7 | 3428 ||,71. 4. 57 |+12,40 
365 b Canert - 6128. 20. 7 || 49,03 8. 33. 20,5 3,269 || 79. 10. 7 12,44 
366 Cancri 5 128. 29. 22 54,0 8. 33. 57,5 3.660 60. 29. © ＋ 12,48 
367 2. a Cancri © 128. 61. 740, 59 8. 35: 24,5 3306 || 77. 7. 51 [T12, 8 
ie,, ß BY 4258 8. 37. 5, | 34313 N 76. 41. 27 ＋ 2, 
369 8 | 129. 47, 12 51,28 8. 38. 448 3,419 || 71. 10. 1 |þ+12,81 
370 7,80 129. 41. 3451,51 |f 8. 38. 40,3 ft 36434 || 70. 23. 46 |+12,81 
371 1 8 129. 49. 4h 50,47 9. 39. 18, 7 3,365 73 52. 54 +12,84 
372 | 7-8 130. 20. 951,03 8. 41. 20,6 |} 3,402 71. co. 53 [＋12, 98 
5 130. 28. 11 51,8 8. 41. 52,7 { 453 | 6g. 14. 37 |+13,02 
374 9 | 130. 29. 30 5,07 8. 41. 58,0 3405 71. 40 16 ＋13, oa 
375 | 130. 30. 59 5,168. 42. 3,9 | 55344 74. 48. 23 [+1302 | 
376 $i | 9 | 139. 41. 41 | 52,11 8. 42. 407 3,341 74. 56. 32 |+13,07 | 
377 - | 9 | 130. 47. 52 | 48,43 8. 43. 11,5 | 3,229 || 80. 57. 45 1713,10 
. 7130. 52. 53 | $095 43. 3, #37397 [ 71. 58. 48 13,2 
3790 , 9 130. 5% 26 50,7 || 8. 43. 57,7 | 3,338 f 75. 1. 27 [113,15 
38 1. 4 Cancri 6,7 131 37 435 || 8. 44. 2645 3,290 77. 34. 55 [113,18 
3919 85 131. 19. 36 | 50,90 [ 8. 45. 18,4 3,393 1 72. 3. 29 |+13,24 
382 f. „ Cancri | 6 | 131. 22. 38 5937 | 8. 45. 30,5 3,358 73. 52. 50 |+I3,25 
3933 AD | 131. 24. 54 | 5939 | 8. 45+ 395 3399 7. 44. 45 713,26 
384 2 o Cancri | 6 | 131. 27. 3250, 44 8. 45: 50, 13,363] 73. 37. 24 |+13,27 
385 2. & Cancri 4, 3 131. 44. 45 | 49,38 || 8. 46. 59,0 3,9 77. 20. 20 13,34 
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* <2 _—_ 


144. 54- 47 46 
Ab. 4 47. 


8 7 8 
n. | Right 4; Annual 4 | We 4 
* Aceension | Variat, | NECN IP 
| . | ; i - 
and Places 1111 in ri Distance. 
. | of the Stars, | | 5 | 
2 2 Be M. 4 8. I | , ; . 
5 1311 4 49. 2 5 51,14 71 3. 27 
* 131. 58. 1849,70 1 6. 7.8 
„Cancri 132. 36. 25 52,98 64. 43. 55 
| ; 133. 17. 52 | 4%935 19. 31 
x Cancri 134. F. 2248,95 78. 29. 49 
E Caucri 134. 18. 5352,08 Te 6. 54 
134. 33. 50 | 52904 || * b. A So 
134. 57. $52 | 49914 8. 77. 35. 20 
135. 54. 14 | 49997 || + 74. 11. 49 
136. 44. 5 53909 9- 62. 45. 23 
136. 48. 49 | 49995 9. 77. 37. 37 
137. 3. 148,599. 79. 20. 
| 137. 11. 47 | 59997 |} 9: 70. I, 44 
137. 58. 1352,80 || 9- 63. 11, 16 
138. 4. 27 149995 || 9- 81. 23. 34 
* Leonis 138 . 50 52,86 62. 55. 23 
„L. eonis 139. 17. 56 4525 80. 2. 14 
| 97. 45. 21 
5• 6. 83 
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| 2 Right Annual Right 
Os _ 02 Ascension &Variat. Ascension 
of and Places .| Z . + I 
; in . . 
Stars. | of the Stars. = NI | 
| . . 8. 8. H. "HRS 
421 | Sextantis [6,7] 146. 19. 22 | 47,97 || 9- 45. 1745 
422 | » Leoms 4,5] 146. 43. 36 | 48,65 9. 46. 5444 
423 ; 7 | 146. 44. 48 | 47,82 || 9- 46. 59,2 
4241 Leoms 4 | 147. 16. 3347,75 || 9- 49- 6,2 
425 8 | 148. 5. 32 | 48,0 9. $3. 22,1 
426 8 | 148. 13. 4 | 48,39 || 9%. 52. 52,3 
427 8,9] 148. 29. 31 | 47,08 || 9. 53. 58,1 
| 428 ; 7,8] 148. 33. 55 | 49,17 || 9- 54. 1547 
429 | » Leonis [3,4] 148. 57. 52 | 49,33 || 9 55+ $114 
430 | a Leonis 5 | 149. 11. 14 | 48,02 || 9. 56. 4449 
431 | Leonis 1 | 149. 17. 42 | 48,38 || 9. 57. 10,8 
432 8149. 35. 32 [47492 || 9- 58. 22,1 
433 7,8] 150. 4. 43 | 48,59 || 10- o. 18,8 
434 8 | 150. 43. 43 | 59,02 || 10: 2. 54,9 
435 8 | 150. 46. 45 | 49,05 [| 1% 3. 740 
436 _ 151. II. 6 | 49,31 10. 4. 47:7 
437 55 151. 20. 48 | 48, 5 10. 5. 23,2 
438 77580 151. 47. 43 | 48,32 || 10, 7. 10,8 
439 6 | 152. 4. 15 | 49,54 || 10- B. 17,0 
440 | y Leonis 2 | 152. 5. 16 | 49,00 || 10. 8. 21,1 
441 n 7 | 152, 37. 47 | 48,67 || 19. 10. 31,1 
442 7580 152. 47. 18, | 47,04 [. 11. 9,2 
443 8 | 153. 17. 49 | 47,88 || 19. 13, 11,3 
+44 7 | 153. 32. 41 | 47,57 || 1%: I4+ 10,7 
| 445 7 | 154 8. 9 | 47,09 || 19. 10. 32,6 
47" 6 | 154. 23. 23 | 48,41 || 10. 17. 33,5 
447 7,8] 154. 31. 12 | 47,73 || 19. 18. 4,8 
448 i Leonis 6 | 155. 14. 31 | 48,30 || 10. 20. 58,1 
| 440 7 Leonis 4 | 155. 26. 10 | 47,55 (. 27. 44,7 
|; 450 Leonis 7 | 155. 57. 3647.17 || 10. 23. 59,4 
[ For 4; EE ory 5 
I 7 | 15H. 0. 8 | 47,42 || 10. 24. 0,5 
| = 91156. 37. 10 48,06 10. 20. 49,7 
453 7150. 5+ 18 | 48,40 || 10. 27. 37,2 
454 9 | 157. 10. 19 | 47,38 || 10. 28. 41,3 
455 | 3 158. 6. 43 4,9 10. 33. 269 | 
You. i 4 B 


Hp peas 5 
Annual . 
Variat, __ |" To 

| istance. eces. 

+ | 
's. | M. S. | 8. 
3,198 || 80. 4. 44 170,68 
3,243 76. 33. 39 [|Þ+16,76 
3,188 80. 41. 2 + 16,77 
3,183 [ 80. 57. 18 [16,87 
3204 || 79. 4 32 |+17,02 
3,220 || 77. 21. 43 [+1 7,04 
| 3179 || 90. 59. 45 17,09 
34278 73. 13. 49 |+17,10 
3-289 [ 72. 13. 12 |+17,18 
3,201 || 78. 58. 45 |+17,22 
| — 
3,225 || 77. o. 45 |+17,24 
35195 [ 79- 23. 1 I 7,29 
3239 75. 36. 48 17,37 
37331 67. 47. 30 17,48 
3.27 || 72. 49. 31 |+17,49 
3,287 || 7. 13. 14 [17,6 
3,237 || 75+ 13. 47 717,58 
3,221 || 76. 19. 54 |+17,66 
3,303 || 69. 28. 2 |+17,71 
34307 || 69. 6. 1 (17,71 
31245 [ 73. 58. 12 |+17,80 
3,170 || 79. 58. 3 |+17,83 
3,192 || 78. 21. 13 {+17,90 
3,171 || 80. 9. 9 j+17,95 
3,179 || 79. 10. 18 18,04 
34227 || 74. 35. 21 |+18,08 
3,182 || 78. 46. 26 |+18,10 
3,220 || 74. 47. 23 j+18,20 
34170 || 79. 37. 3 |+18,23 
34145 j| 81. 58. 11 |+18,31 
3,161 || 80. 16. 19 |+18,32 
3-244 \| 71- 37- 9 718,41 
3,231 11-76-47. x [+1945 
2,159 || 80. 4 5 [118,48 

9. 16 
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| 
| ; { k 
Numb Names = _—_ Arg __ 82 North polar 
| Þ Ascension | Variat.|| Ascension {| Variat. 
of and Places 2. hk 4 38 4 Distance. 
Stars. of the Stars. 8 e ; 
„ „ ON H. M. s. 8. | 1 | 

456 5 158. 38. 48 | 47,13 || 10. 34. 35,2 | 3,142 || $1. 23. 2 + 18,67 
457 | Sextantis |7,8] 158. 47. 53 | 46,97 || 10. 35. 11,5 | 3,131 || 82. 31. 22 4 

458 | k Leonis © | 158. 49. 18 | 48,00 || 10. 35. 17,2 | 3,200 || 74. 42. 3 [|+18,70 
459 l 8 | 159. 5. 55 | 46,96 || 10. 36. 23,7 | 3,131 | 82. 32. 56 |+18,73 
460 | 1 Leonis 6 | 159. 33. 5 | 47,47 || 10. 38. 12,3 | 3,165 78. 20. 48 |+18,79 
461 | 8,9] 160. 57. 55 | 46,82 || 10. 43. 51,7 | 3,121 | 83. 2. 17 |+18,96 
462 | d Leonis 5 | 162. 25. 45 | 40,52 || 10. 49. 43,1 | 3,101 | 85. 15. 28 [+19,11 
463 | c Leonis 5 | 162. 27. 56 | 46,79 || 10. 49. 51,7 | 3,119 | 82. 46. 21 [|Þ+19,12 
464 | | 163. 17. 18 | 46,50 || 10. 53. 9,2 | 3,100 85. 13. 56 |F19,20 
465 | x Leonis 4 | 163. 32. 54 | 46,87 || 10. 54. 11,6 | 3,125 || 81. 31. 55 |+19,22 
466 | b Leonis 7,8| 165. 39. 35 | 47,95 || 11. 2. 38,3 | 3,197 || 68. 43. 21 [1,43 
407 9 Leonis 2,3] 105. 43. 35 | 47,98 || 11. 2. 54,3 | 3199 || 68. 19. 38 

468 | I Leonis | 3 | 165. 48. 4 | 47,48 || 11. 3. 12,3 | 3,165 || 73. 25. 26 

469 | n Leonis © | 166. 12. 55 | 47,25 [. 4. 51,7 | 3,350 || 75. 32. 57 [+19,46 
470 | Leoni: | 4 | 166. 30. 5 | 45,82 || 11. 6. 0,3 | 3,055 || 92. 30. 17 |+19,49 
471 | o Leonis 4, 5 167. 34. 45 | 40,56 || 11. 10. 19,0 | 3,104 || 82. 49. 16 j+19,57 
472 | + Leonis '4 | 108. 14. 29 | 46,87 || 11. 12. 57,9 | 3,125 || 78. 18. 55 I 9,02 
473 | 108. 19. 8 | 46,20 || I1. 13. 16,5 | 3,080 || 87. 26. 26 |+19,63 
474 7 | 169. 2..28'| 46,30 || 11. 16. g,8 | 3,087 || 85. 50. 41 |+19,68 
475 | 7 Leonis 4 | 169. 17. 12 | 46,28 || 11. 17. 8,8 | 3,085 || 85. 59. 17 |+19,70 
476 | e Leonis {4,5] 169. 53. 58 | 45,91 || 11. 19. 35,9 | 3,061 || g1. 50. 44 j+19,74 | 
477 778 170. 19. 15 | 45,71 || 11. 21. 17,0 | 3-947 || 95. 18. 21 [10,7 
478 | : 7 | 779. 31. 59 | 45,03 || 11. 22. 7,9 | 3,942 || 96. 40. 9 [+19,77 
479 | v Leonis 4 | 171. 33. 7 | 46,04 || I. 26. 12,5 | 3,069 || 8g. 39. 57 19,83 
480 [% Virginis | 6 | 171. 54. 28 | 46,48 || 11. 27. 37,9 | 3,099 || 80. 42. 14 19,84 
481 ; 18172. 51. 2 | 46,28 || 11. 31. 24,1 | 3,085 || 84 5. 26 [+19,89 
482 1. E Virginis 5 173. 36. 50 | 46,39 || 11. 34. 27,3 3,093 80. 34. 31 19,93 
483 | » 1 5 173. 46. 5 | 46,31 || 11. 35. 4,3 | 3,087 [ 82. 17. 34 19,93 
4842. E irginis 174. 16. 57 | 46,35 || 11. 37. 7,8 | 3,090 || 80. 35. 19 19,95 
485 | 8 Leonis 1,2} 174. 35. 22 | 40,55 || 11. 38. 21,4 | 3,103 || 74. 13. 12 |+19,96 
486 | B Virginis | 3 | 174. 56. 7 | 46,11 || 11. 39. 44,5 | 3,074 87. 3. 3 719597 
487 | a Virginis © | 170. 4. 3 | 46,25 || 11. 44. 16,2 | 3,083 || 80. 23. 20 20,00 
488 8 | 176. 9. 57 | 46,07 || 11. 44. 39,8 | 3,071 || 87. 43. 59 |+20,00 
489 7 | 170. 52. 10 | 46,11 || 11. 47. 28,7 | 3,074 || 85. 21. 10 |+20,02 
490 | | 177. 4. 57 | 40,05 || 11. 48. 19,8 | 3,070 | 88. 18, 8 |+20,02 | 
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| bd H = „ * omen JH | : Wen | j 
1 1 
5 1 Right Annual Right Annual || : : | 616 
Names = 5 : 8 8 ; . North polar Annual / | : 
I oQ Ascension Variat. Ascension Variat. Di 865 1 
and Places =. : 5 14 * " | istance. Preces. 15 
| in Degrees. in Time. 1 
of the Stars. 8 a . 19 

. 8. 


1b Virginis 5, 60177. 18. 2 | 46,10 || 17. 49. 12,1 | 3,073 85. 10. 28 +20,02 
2 | 3 Virginiz | 5 | 177. 31. 41 | 46,14 || 11. 50. 6,7 | 3,076 || 82. 12. 50 [+20,03 


| o Virgins 
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r Virginis 6 179. 44. 11 | 46,02 11. 58. 56,7 | 3,06 
s Virginis 6 : 11. 


501 | n Virginis | 8 | 181. 58. 49 | 46,02 || 12. 7. 55,3 | 3,068 89. 37. 4 +20,03 I 
502 | » Virginis [4,3] 182. 77. 42 | 46,01 || 12. 9. 10,8 | 3,067 89. 29. 53 [＋20,03 


| 503 | c Virginis 5 | 182. 25. 35 | 45595 || 12. 9. 42,3 | 3-063 || 85. 30. 55 |+20,03 
504 6, 7| 182. 58. 2 | 45,90 || 12. 11. 52,1 | 3,060 [ 83. 31. 27 |-þ20,02 

| vos | 7 | 183. 7. 3 | 46,09 || 12. 12. 28,2 | 3,073 [ 93. 44. 48 |+20,02 

| 506- [8,9] 183. 23. 14 | 46,21 || 12. 13. 32,9 | 3,081 || 99. 18. 52 [+20,01 

| 507 7,8] 184. 16. 36 | 46,11 || 12. 17. 6,4 | 3,074 || 93- 27- © [719,99 
508 184. 24. 9 | 45,87 || 12. 17. 36,6 | 3,058 || 84. 26. 21 |+19,99. 
509 7 | 184. 49. 17 40,39 12. 19. 17,1 | 3,093 102. 13. 32 19,98 
510 185. 1. 15 | 40,11 || 12. 20. 5,0 | 3,074 || 92. 53. 53 |+19,97 


— —— —ͤ———— —yLi 


| 119.96 
185. 44. 28 | 46,31 || 12, 22. 57,9 | 3,087 || 98. 17. 26 1% 
185. 54. 40 | 40,03 || 12. 23. 38,7 | 3,069 90. 14. 51 {+19,94 


7 185. 13. 1 | 46,14 || 12. 20. 52,1 | 3,076. || 93. 53. 30 
514 | f Virginis 6 | 186, 29. 54 | 46,20 || 12. 25. 59,63, 80 94. 40. 18 710,02 
5 


512 9 Virginis 


2 


515 | x Virginis 187. 6, 28 | 46,30 || 12. 28. 25,9 | 3,087 || 96. 50. 11 |+19,90 


5 187. 10, 18 | 46,24 || 12. 48. 41,1 | 3,083 || 94. 56. 30 [1,89 
517 | I. » Virgmis | 3 | 187. 45. 5o | 46,03 || 12. 31. 3,3 | 3,069 || 90. 17. 41 [+19,86- 
| 6518 | 2. y Virgins 187. 45. 54 | 46,03 || 12. 31. 3,5 3,069 || 90. 17. 46 |+19,86 
' 9 189. 10. 47 | 46,31 || 12, 36. 43,1 | 3,087 || 95. 9. 0 [719,79 
520 | 189. 49. 20 | 46,41 || 12. 39. 17,3 | 3,094 || 96. 29. 12 |+19,75 


7 
522 | Virgins 7 - 130. 42. ; 
523 | J Virgins 5 | 190. 51. go | 46,58 || 12. 43. 27,3 | 3,105 j| 98. 23. 38 [＋19,69 
3 | R 86. 27. 
6 


524 | Virginis 
525 k Virginis | 


— ä — 
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| 
: Numb. Names ü a e Fe EIT p North polar | Annual | 
13 | 4 Ascension | Variat. || Ascension | Variat. [| : 
of | and Places | 2. Yu 7 + ab + Distance. Preces. | 
Stars. | of the Stars. | 5 | 5c 8 N Ahn | | | 
| Do. ; Me 8. 8. u. M. 3. 5. D. M. 8. S. | 
| $26 | Virginis 3 | 192. 56. 1 | 45,06 || 12. 51. 4441 | 3,904 || 77. 54. 30 19,53 
527 3 7 | 193. 16. 36 | 46,22 || 12. 53. 6,4 | 3,081 92. 31. 37 |+19,51 | 
528 1 — 5 194. 13. 47 | 46,85 || 12. 56. 55,1 | 3,123 99. 36. 4619,43 
529 | 9 Virginis | 4 | 194. 46. 34 | 46,41 || 12. 59. 6,3 | 3,994 || 94, 24. 4611,39 
530 Virginis 195. 13. 38 | 47,44 || 13- o. 545 | 34103 || 105. 3. 241193235 
637 | | 7 | 195. 49. 12 45,7 || 13. 3. 16,8 | 3,051 || 87. 25. 23 19,29 
1 195. 52. 23 | 47,81 || 13. 7. 29,5 | 3,187 [ 107. 7. 42 119,178 
533 | Hydræ cont.| 4 | 196. 53. 7 | 48,38 || 13. 7. 3245 | 34225 || 112. 3. 26. |F19,18 
534 1997. 45. 56 [47,27 13. 11. 3,7 3,151 || 101. 28. 23 719,09 
338 Virgiais | | 197. 57. 24,87 || 13. 11. 48,1 | 3,191 |þ 106. 37. 43 |+19,08 
5636 4 Virginis: 1198. 32. 214,5 || 13. 14. 9,4 3,143 100. 3. 33 |+19,01 
| $37 [i Virginis 7 6 | 198. 54. 5047,35 || 13+ 15. 39,3 3,187 [ 101. 36. 32 18,97 
538 Virginis 199. 4. 13 | 47,76 || 13. 16. 16,9 | 3,184 || 104. 52. 38 715,95 
$9] 1279. 37. 27 | 46,05 || 13. 18. 29,8 3,0% || go. 16. 4 118,89 
| 549 | 1. 1 Virginis | 7 | 199. 52. 27 | 46,66 || 13. 19. 29,8 | 3,111 || 95. 22. 47 |+18,86 | 
$41 2.1 Virginis 6 | 200. 16. 9 46,65 || 13. 21, 446 | 3,110 95. 9. 50 ＋ 18,81 
542 h Virginis 6 | 200. 29. 247,15 13. 21. 56,1 | 3,143 99. 4. 32 |F18,78 
148 Virginis 3201. . 25 45,90 [[ 13. 24. 1,7 | 3,004 89. 30. 59 |+18,72 
| 544 | 3-1 Vuginis ' 6 | 201. 9. 19 | 40,57 || 13. 24. 37,3 | 3»105 || 94. 19. 12 |+18,70 | 
| 545 | m Virgins. 6 202. 39. 18 47,05 13. 30. 37,2 3,137 97. 38. 11 [118,51 
546 [7,8] 203. 15. © | 46,63 || 13. 33. o, | 3,109 94. 26. 1 |F18,43 
547 | 7 | 203. 22. 43 | 47,88 || 13. 33. 30,9 | 3,192 || 103. 9. 4 +18,41 | 
548 | | 203. 41. 40 | 47,64 || 13. 34. 46,7 | 3,176 || 101. 22. 1 118,36 
549 I I 204. o. 27 | 48,48 [ 13. 36. 1,8 | 3,232 || 106. 47. 58 18, 32 
| 559 8 204. 37. 28 | 48,59 || 13- 38. 29,83, 239107. 4. 46 118,23 
56 Urſe | 2 | 204. 48. 5835,88 13. 39. 15,9 | 2,392 || 39. 37. 59 18,20 
552 P Virginis 6 | 205. 59. 15 | 46,09 || 13. 43. 57,0 3,073 90. 27. 43 18,02 
| $553 — | 7 | 207. 15. 34 [47417 || 13: 49. 242 | 3,145 || 97. 7. 52 177,82 
| $54 © | 7 | 208. 18. 59 | 47,40 || 13. 53. 15, 3,100 98. 14. 28 |F 17,65 
1 555 | 9 Centauri | 2 | 208. 36. 13 | 52,82 || 13. 54. 2449 | 3,521 || 125. 19. 27 {+17,60 þ 
5 © > 7.8] 208. 48. 7 | 47,36 || 13. 55. 12,5 3,157 92. 52. 52 |+17,57 
+; 6, 7] 208. 54. 34 | 47,43 || 13- 55. 38,2 3,102 98. 18. 11 [417,55 | 
„ | 8 | 208. 57. 22 | 48,65 || 13. 55. 4944 | 34243 || 105. 10. 33 |F17,54 
559 6, 209. 51. 3 | 48,75 || 13. 59. 2442 | 34250 || 105. 18. 2 |-F17,38 


5bo | x Virginis | 4 210. 25. 5147,68 [ 14. 1. 43,4 | 3,179 99. 17. 19 


T oe 1 


MAYER's CATALOGUE OF THE PRINCIPAL STARS. 


— FOR * * | | 
Numb. Names 1 8 Was TR A e North polar Annual 
2 Ascension Variat. Ascension | Variat. ; 
of and Places | E.. 8 + * or” Distance. Preces. 
Stars. | of the Stars. 2 . | : 
9 8. u. IWR | 3. 1 4 
561 8 | | 210. 51. 53 46,91 [} 14. 3. 27,5 3, 127 94. 57. 48 |+17,21 
5624 Virginis 4 | 211. 15. 30 | 46,93 || 14. 5. 2,03, 129 94. 59. 8 +17,15 
563 a Bootis 1 | 211. 31. 54 42,14 14. 6. 7,62, 809 69. 41. 55 + 175,09 
564 | a V 8 4 | 211. 56. 40 48,3514. 7. 46,7 | 3,233 || 102. 23. 41 I 7,01 
568 18212. 13. 14 | 47,10 || 14. 8. 52,9 | 3,140 || gs. 46. 8716,96 
566 : | | 8 212. 63. 26 | 47,32 || 14. 11. 3347 3,155 96. 47. 35 + 16,84 
567 Libre 8 | 213. 2. 25 | 48,09 || 14- 12. 9,7 | 3,206 || 100. 44. 40 |+16,81 
568 18213. 29. 17 48,45 || 14. 13. 57,1 | 3,230 || 102. 23. 34 1162 
569 18,9 214. 6. © | 48,49 [ 14. 16. 24,0 | 3,233 || 102. 24. 19 116, 60 
570 1 | 214. 20. 8 | 47,82 || 14. 17. 20,5 | 3,188 | 99. 3. 5 {F655 | 
571 748] 215. 45. 53 | 50,17 || 14+ 23. 3,8 | 3,345 | 109. 30. 25 |+16,27 
572 7, 8] 216. 28. 15 | 48,42 || 14. 25. 53,0 3,228 101. 24. 21 |+16,12 
$73 7,8| 216. 56. 13 | 48,07 || 14. 27. 44,9 | 3,205 99. 38. 12 |+16,02 | 
574 ... 48222. 40. 7 | 48,48 || 14. 30. 40,5 | 3,232 || 101. 19. 33 (15,87 | 
575 4 Virginis 4 | 218. ©. 19 | 47,04 || 14+ 32. 1,3 | 3,136 | 94. 43. 53 715, 80 
576 7,8218. 34. 38 | 50,64 || 14+ 34. 18,5 | 3,376 || 110. 16. 18 |Þ+ 15,67 
$77 by | 758 218. 49. 55 | 50,71 || 14. 35. 19,7 | 3,381 || 110. 25. 50 |F15,02 
578 [ Libre 5 | 219. 22. 36-| 49,02 || 14- 37. 50,4 | 3,268 || 103. 15. 37 |F15,48 
579 | Libre g, 3 219. 46. 36 | 49,48 || 14- 39. 6,4 | 3,299 || 105. 6: 40 j+15,41 
580 | « Libre 219. 49. 28 | 49,50 || 14- 39. 17,9 | 3,300 || 105. 9. 24 |F15,40 
581 | 1. E Libre | 6 | 220. 45. 10 | 48,57 || 14.' 43. 0,7 | 3,238 101. 1. 46 j+215,19 
582 | 2. & Libre 6 | 221. 21. 348,49 || 14. 45. 24,2: | 34233 || 100. 33. 1 jÞF15,05 | 
583 b 221. 43. 748,44 || 14+ 40. 52,5 3,229 || 100. 17. 59 +1497 
584 : 6,7 221. 53. 33 | 48,45 14. 47. 34,2 3,230 || 100. 17. 13 14,93 
585 | Libre 4, 5 222. 26. 47 | 47,84 14. 49. 47, | 34189 || 97. 40. 26 +1479 | 
586 | : 3 | 222. 57. 18 | 52,23 || 14. 51. 49,2 | 3,482 || 114. 26. 33 114,67 | 
587 | 1. Libræ 5 223. 44. 12 | 49,84 || 14. 54. 56,8 | 3,323 || 105. 85. 45 714,48 | 
588 | 2. » Libre 7, 8 223. 46. 57 | 49,91 || 14+ 55. 7.8 34327 || 105. 39. 29 14447 } 
589 [f. Libre 4 225. 4. 18 | 50,90 [5. O. 17,2 | 3,393 || 108. 58. 58 ＋ 14,17 | 
500 | 2. + Libr» |7,8] 225. 20. 52 | 50,89 || 15. 1. 23,5 | 3,393 || 108. 50. 36 +1409 
591 : 7 | 226. 3. 43 | 51474 || 15- 4. 1449 | 34449 || 111. 36. 28 413,92 
592 | 8 Libre | 2 | 226. 26. 7 | 48,21 15. 5. 4444 | 3-214|| 98. 35. 44 +13,82 
593 a 91227. 1. 4 | 40,18 15. 8. 4.3 3522 98. 21. 57 ＋ 13,07 
594 [. Libre | 7 | 227. 19. 49 4% 1 5. 9. 15,7 | 3,327 || 104. 46. 41 13,5% 
595 | 0,7 228. 4. 3 | 49,0 Ic. 13. 108 | 3373 | 101. 36. 23 ＋13, 39 
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— 9 


— 


— 


r 


| | 
Annual 1 
Variat. 1 1 
Distance. 
+ 
8. 1 
37235 99. 33. 9 
37357 * 58. 13 
35373 100. 42. 3 
34358 105. 52. 29 
34429 || 109. 25. 57 
3,420 || 108. 56. 25 
3365 || 106. 7. 36 
3,001 || 117. 19. 24 
3,328 || 104. 4. 31 
3,007 117. 25. 25 
1 || 215. 34 5 
34325 103. 47. 
3,320 || 103. 48. 31 
3,421 || 108. 35. 39 
35517 113. 7. 12 
3,433 || 108. 58. 56 
34359 || 105. 19. 29 
3354 || 104+. 59. 19 
2,934 82. 54. 7 
3578 || 115. 5. 48 
3»573 || 114. 41. 0 
3457 || 109. 31. 24 
3,38 106. 5. 56 
3,572 || 114. 36. 16 
3,443 || 108. 44. 47 
3,070 || 118. 35. 1 
3,000 |] I15. 29. 33 
3+339 || 103+. 39. 31 
35521 112. O. 27 
3,001 || 15. 15. 45 
3,284 100. 46. 43 
3,465 [ 109. 12. 52 
3,465 109. 12. 40 
5110. 5. 3 
3,491 | 1 


| 3 * | Right {| Annual |}. Right 
nn. = Ascension Variat. Ascension 
WI =_ HE in Degrees + in Time 
Stars. | of the Stars, A TY ; 
_ ; 5 FE 9 — . 
D. M. 8 8. . 
| | 596 | « Librz 4 | 228. 12. 42 | 48,53 || 15. 12: 50,8 | 
597 | 1. & Libre | 4 | 229. 6. 38 | 50,35 || 154 16. 26,5 | 
| 09984. -* -* 229. 25. 59 | 595g || 15- 17. 43,9 
599 3. C Librz 229. 42. 51 | 50,37 || 15. 18. 5,4 
500 7⸗8 229. 55. 257,43 || 15. 19. 40,1 
601 | 7 | 230. 8. 44 | 51,30 || 15. 20. 3449 
602 | 4- C Librz 230. 16. 18 | 50,48 || 15. 21. 5 
603 : 230. 28. 58 | 54,01 || 15. 21. 55,9 
604 | y Librz 3,4 230. 57. 4 | 49992 [| 15+ 23. 48,3 | 
505 |_| 237 4. 45 | $4411 || 15. 24. 19,0 
606 | 8 | 231. 13. 40 | 53,50 || 15. 24. 54,7 
607 9 | 231. 34. 29 | 4987 || 15- 26. 17,9 
608 S | 231. 42. 8 | 49,89 || 15. 26. 48,5 
6og | . 231. 42. 41 | 51,31 || 15. 26. 50,7 
610 Libre 7 | 231. 5B. 33 | 52,76 15. 27. $42 
611 | x Libre 4 | 232. 28. 14 | 51,49 || 15. 29. 52,9 
612 5 8 | 232. 44. 54 | 59,39 || 15. 30. 59,6 
613 | » Libre 4 | 233. 4. 21 | 50,31 || 15. 32. 17,4 
614 4 Serpentis 233. 29. 5 | 4401 || 15. 33. 56,3 
615 | b Scorpu | 6 | 234. 35. 44 | 53,67 15. 38. 22,9 
616 | 1. a Scorpii | 5 | 235. 15. 32 | 53,59 IG. 41. 3,1 
617 | 2a Libre 4 | 235. 17. 34 | 51,86 || 15. 41. 10,3 
618 | I Libre | 4 | 235. 28. 21 | 50,79 || 15. 41. 53,4 
619 | 2. a Scorpu 7, 8 235. 31. 9 | 53,58 || 15. 42. 440 
620 | 8 | 235. 51. 651,65 || I5. 43. 2444 
621 e Scorpii [4,3] 235. 59. 15 | 55,05 || 15- 43. 57,0 
622 | x Scorpu 3 | 230. 32. 38 | 54,00-|| 15. 46. 10,5 
623 | 4 Libre 236. 36. 51 | 50,09 || 15. 46. 27,4 
624 | Scorpii 3,2] 236. 59. 11 52,82 || 15. 47. 56,7 
625 7 | 237- 40. 17 54,115. 50. 41,1 
626 4,5] 238. 12. 44 | 49,26 || 15. 52. 50,9 
627 | 1. 5 Scorpii | 4 | 238. 18. 46 | 51,97 || 15. 53. 15,1 
628 | 2. 6 Scorpu | 8 | 238. 18. 55 | 51,97 || 15. 53. 15,7 
629 | I» „ Scorpii 5 | 238. 38. 17 | 52,28 || 15. 54. 33,1 
630 [a. „ Scorpii | 5 | 238. 46. 47 | 52,36 || 15. 55. 7,1 


WeSC 
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Names 
and Places 


of the Stars. 


_— 


— — — — 


+ Ophiuchi 
'*. Ophiuchi 
x Ophiuchi 
* Scorpu 
© Ophiuchi 


| v Ophiucht 
1 Scorpii 


m Scorpii 


| « Scorpil 
Ophiuchi 


Scorpu 


' Ophiuchi 


ä 


Right Annual 
5 Ascension | Variat. 
5 in Degrees. + 
6 | 239. 49. 47 | 5517 
0, 5] 239- 50. 57 | 5499 
© | 239. 56. 58 51,96 
4 | 239. 57. 17 | 51,90 
8240. 32. 48 | 5413 
6,5 241. 19. 34 | 5540 
242. O. 2933,77 
4 | 242. 6. 47 54437 
8 | 242. 52. 25 | 55:99 
5 242. 57. 37 | 52335 
243. 16. 19 53,60 
5 | 243. 43. 1051,85 
1244. 8. 21 54,80 
7580 244. 37. 47 | 5489 
. 517527 
5244. 55. 4252,99 
4245. 42. 31 | 55904 
8 | 246. 34. 48 | 51,91 
8 | 247. 3. 16 | 52473 
7580 247. 17. 15 | 51,90 
6 | 247. 21. 47 | $1579 
7 | 247. 23. 38 | 52,58 
7 | 247- 58. 27 | 55994 
249. 9. 17 | 58,01 
8 | 249. 14. 35 | 5447 
8 | 249. 42. 58 | 54,47 
7 | 250. 15. 40 | 52,91 
250. 53. 138, 28 
6, 7| 251. 2. 23 | 53999 
7,8] 251. 11. -11 | 52,03 
7 | 251. 46. 54 | 54,80 
6,7] 251. 49. 42 | 5477 
7,8] 252. 23. 54 | 52444 
8 } 252. 46. 3355,11 
107 . 


Annual 
Variat. 


—— 


3,678 


3,666 
3,404 
3,464 
3,009 


3,693 
3,585 


3,621 
37733 


3,490 | 


39573 
35457 
35653 
3,059 
35418 


37533 
3,709 


3,401 
34515 


3,400 


37453 
35505 


8 | 34729 


34907 


3,031 


39431 


| 34527 


3,805 
35599 
34509 


3,053 
3,651 
3,490 
3,074 
3,073 


| North polar 
Distance. 
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RR — N — 
j A 1 a | 
Was 3 - Right N | _ | mot Meth polar | Annaat | 
= Ascension | Variat. || Ascension Variat. |þ | 

of and Places Ei 5 3 + Distance. Preces. 
Stars. | of the Stan... i + wy 

3 f — 

D . 8 4. M. 6. 8. D.' . 8 5 

| 666 „ 280 253. f. 7| 53,07 || 16. 52. 20,5 3,538 || 110. 10. 58 | +;,8 
667 | Scorpli [7,8] 253. 25. 12 | 53,49 || 16. 33-4038 | 3,500 || 111. 15. 18 | +3,72 
668 8 253. 28. 21 | 54,48 16. 53. 53,4 | 3-099 || 116. 12. 37 | +571 
669 . 6,7 254 1. © | 52,03 || 16. 56. 4,0 | 3,409 || 107. 18. 485,52 
670 Ophiuchi | 3 | 254. 35. 18 | 51,36 || 16. 58. 21,2 | 3,424 || 105. 26 56 5,33 
671 ö 52, 80 7 22,1 3,520 109. 14. 22 | +4, 
672 a Ophiuchi Y 6 1 358. 37: 6 55,60 || 17. 2. 28,4 | 3,707 || 116. 14. 18 3 
673 Scorpii 255. 50. Ig | 55,59 || 17. 3. 21,2 | 3,706 | 116. 12. 51 | +490 | 
674 | 256. 18. 19 | 54,7117. 5. 13,3 3-047 | 114. 2. 23 | +4474 
675 8 | 256. 19. 34 | 54,02 || 17- 5. 18,2 | 3,041 || 113. 49. 174,73 


| 2 £ Ophiuchi 4 . . . | 

77 Scorpii 8 | 257. 12. 27 o2 || 17. 8. 49,8 | 3,008 || 11 ; 
678 | 9 Ophiuchi | 3 557 2 4 = 59 | F4444 
679 | , Ophiuchi | 7 


on —— 7 ö | A o . . . 

2 (b Ophiachi | 5 | 258. 23. 23 | 54,75 || 17- 13. 33,5 | 3-650 || 113. 57. 46 

683 e Ophiuchi | 5 _ Na 
684 | a Scorpii 2, 


| 686 Ophiuchi 8 40. 22. . 
687 [ Ophiuchi | 2 | 261. 17, 59 | 41,54 || 17. 25. 11,9 | 2,709 || 77. 16. 18 | +3,04 
, | & $4 


| 689 | 2 Serpentis 201. 23.:40 | 51,42 || 17: 25. 36 3,428 || 105. 14. 55 | +3,00 
690 Draconis + | 


3 
692 d Ophiuchi | 6 | 262. 43. 14 | 53,88 || 17. 30. 52,9 | 3,592 [ 111. 33. 42 | +2,54 
| 693 p Sagittarii | 6 | 3 


694 203. 50. 156,12 || 17. 35. 20,0 | 3,74" || 116. 52. 45 | þ2,15 
095 7» 8] 204. 35. 52; | 54442 17. 38. 123,5 3,628 112. 50. 11 | +1,88 
| 690 77 8 204. 59. 1552,91 17. 39. :57,0 | 34527 | 109. 2. 52 | +1475 
i 097} © | 205. 21. © | 49,84 jf 7. 41. 24,0 | 3,323 || 100. 49. 47 44,63 
608 770 205. 33. 3752,81 17. 43. 34,5 | 34521 || 108. 44. 51 7,44 
649 205. 30. 34 | 50,01 17. 42. 20,3 | 3,334 || 101. 16. 31 +1,54 | 
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Vol. II. 


_X 


n | | | 
Right Fog Annual Right Annual 2 | ! 
Numb. Names — „ ? ; North polar | Annual | 
| | G [Ascension |Variat. || Ascension | Varit. 
of and Places | 2. Fe: | atm: 4 Distance. Preces. 
Stars of the Stars. 8 Show 6 19885 + | [ 
D M. s. 8. H. M. 8. 8. | D. M. 8. 
701 6,7 266. 3. 41 | 51,66 | 17- 44-* 1447 | 3444 || 105. 45. 22 | 7,38 
702 | Sagittaru | 6 | 266. 44. 41 | 54,84 || 77- 46. 58,7 3,056 [| 113. 46. 40 | +1,14 
704 [i Sagittarii | 266. 49. 48 55,03 || 17- 47. 19,8 | 3,009 114. + 48 I,tl 
704 7,80 206. 52. 42 | 53,43 || 17- 47. 30,8 | 3»502 || fo. 18. 16] +1,09 
705 6, 267. 17. 48 | 5442 [17 49. 11,2 | 3,028 |} 112. 45. 23 | 0,5 
706. | a Sagittarn | 267. 20. 51 | 55,04. 17. 49. 59,4 | 3069 || 114. 15. 44 | +0,88 
707 | | 8 | 267. 34. 43 $449 17. 50. 18,8 | 3,027 || 112. 41. 57 70,85 
708 | Gagittarii | | | 267. 45. 2 | 55,08 || 17- 5r. o, | 3,072 || 114. 20. 45 | +0,79 
709 | y Draconis 2 | 267. 56. 23'| 20,83 || 17- 51. 45,5 1,389. || 38. 28. 44 0, 72 
710 | y Sagittarii | 3 | 268. 4. 52 | 57,77 || 17+ Sa., 1995 | 3-851 || 120. 24. 23 | +0,68 
711 7,8] 268. 39. 353,89 || 77- 54. 36,2 | 3,93 111. 26. 50 +0,47 
29 6 | 268. 41. 45 | 56,88 || 17. 54. 47,0 | 3»792 || 118. 27. 35 | +0,46 
| 723 6,7] 269. 8. 18 | 57,94 || '7- 56. 33,2 3,863 120. 44. 31 | +0,30 
714 J 6 | 269. 43. 33 | 5483 17. 58. 54,2 3,655 || 113. 43. 28 | +0,0 
| 715 | 1. K Sagittarii| 4 | 270. 18. 11 | 53,75 || 18. 1. 12,7 | 3,583 || 111. 5. 44 | 0,10 
426] | 7 | 270. 24. 45 | 54,02 || 18. 1. 38,9 3,001 || 111. 44. 59 | —0,14 
717 | 2. H Sagittarii| 4 | 270. 40. 23 | 53,62 || 18. 2. 41,5 | 34575 || 110. 46. 20 | —0,23 
t 7:8] 7 | 270. 40. 50 | 53,51 || 18. 2. 43,3 | 3-507 || 110. 25. 54 | —0,23 
719 | 3 Sagittarii | 3 | 271. 53. 8 | 57454 || 18. 7. 32,5 | 3,830 || 119. 53. 51 | —0,66 
| 720 | « Sagittarii |2, 3 272. 33. 30 | 59,70 || 18. 10. 14,0 |.3,984 || 124. 27. 47 | —0,90 
FF 6 | 273. 12. 41 | 53,56 || 18. 12, 50, 3,571 || 110. 38. 7 | — 1,12 
| 722 | a Sagittarii | 4 | 273. 45- 8 | 55,57 || 18. 15. og | 3,705 || 115. 31. 2| —1,31 
= .B | 17, 8] 274-. 6. 10 5 $150 18. 16. 24,7 34700 || 115. 22. 14 | —1,43- 
724 7274. 27. 49 | 52,84 || 18. 17. 51,3 | 3,523 || 108. 50. 37 | — 1,56 
725 6 | 274. 45- 7 52,9 18. 19. o, 5 3,527 || 109. 1. 16 | — 1,66 
726 7 | 274- 47. 2 | $2471 || 18. 19. 8,1 | 3,514 || 108. 31. 42 | —1,68 
727 8 | 275. 2. 2 | 52,94 || 18. 20. B,1 | 3,529 [ 109. 6. 18 | — 1,76 
728 6,7] 275. 10. 58 | 51,37 || 18. 20. 43,8 | 3,425 || 105. o. 6 —1,81 
729 | 275. 12. 40 | 52,70 || 18. 20. 50,7-| 3,513 || 108. 30. 7 | —1,82 
730 7 | 275- 15. 49 | 54,98 || 18. 21. 3,3 | 3,665 || 114. 10. 20 | —1,84 
Page R | = — — — 
731 [6,7] 275. 24. 47 | 51,36 || 18. 21. 39,1 | 3,424 || 104. 59. 36 | — 1,89 
732 8 | 275. 25. 25 | 55,06 || 18. 21. 41,6 | 3,051 || 114. 21. 57 | —1,90 | 
733 7275. 45. 7 53,5 || 18. 23. o, | 3,537 || 109. 24. 51 | — 2, 01 
734 7 | 276. 11. 13 53,02 || 18. 24. 4449 3,535 109. 21. 56 | —2,16 
735 276. 19. 56 | 53,89 || 18. 25. 19,7 | 3,593 111. 33. 10 | —2,20 
4 C 
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MAYER's CATALOGUE OF THE PRINCIPAL STARS. 


f | | | [ | | | 
1 | Right Annual] Right Annual ; 
* Tg: | 4 1 F Ascension Variat. Ascension Variat. 8 my | om 
' of and Places CZ nn” 1 1 5 Distance. Preces. 
| 7 | in Degrees. +. in Time. + 
Stars. | of the Stars, 5 | 
Dy. „ e - f 6: 1, 8. s. «423: 5 
736 [7,8] 276. 25. 1 | 52,26 || 18. 25. 40,1 | 3,484 || 107. 23. 3o | —2,24 
. 7276. 26. 5 | 54:75 || 18. 25. 44,3 | 3-050 || 113. 39. 57 —2,4 
73 | \ 7 | 276. 35. 33 | 53»74 || 18. 26. 22,2. 3,583 || 111. 11. 11 | —2,30 | 
" 739 | «Lys | 1 | 277- 27. 8 | 30,16 || 18. 29. 48,5 | 2,011 | gr. 24. 17 | —2,59 
740 | @ Sagittarii 4278. 7. 55 | 56,21 || 18. 32. 31,7 | 39747 || 117. 11. 18 | —2,84 
741 | 748} 278. 24. 17 | 53,16 || 18, 33. 37,1 | 3,544 || 109. 48. 29 | —2,93 
| 742 | 8 | 278. 50. 58 | $3,42 || 18. 35. 23,9 | 3,501 || 110. 28. 58 | — 3,09 
743 279. 18. 6 | 53,43 || 78. 37. 12,4 | 3502; || 110. 32 45 | = 5-24 
744 8 | 279. 33. 18 | 54,16 || 18. 38. 13,2 | 3,011 || 112. 23. — 3933 | 
145} | 8 | 279: 52. 53 | 54,06 || 18. 39. 31,5 | 3,004 || 112. 8. 54 | — 3,44 
© |. 746 280. 21. 43 | 53,83 || 18. 41. 26,9 3,589 || 111. 35. 5g | — 3,60 
747 | T+ » Sagittarii| 5 | 280. 22. 20 | 54,38 || 18. 41. 29,3 | 3,025 || 112. 59. 7 | —3,61 
748 | © Sagittarii, | 3 | 280. 32. 58 | 55,86 || 18. 42. 11,8 | 33724 || 116. 32. 18 | — 3,67 
749 | 2-0 gittarii 5 280. 36 1554,35 18. 42. 25,0 3,623 112. 54. 55] — 3,09 
750 [ 1. E Sagittarii| 7 | 281. 12. 53 | 53,53 18. 44.51, 3.569 110. 54. 46 | — 3,90 | 
boy 761 7 4 | 281. 17. 58 | 53,71 | 18. 45. 17,9 3,58T!|| 111. 21. go | —3,93 | 
252 8 |-281, 25. 55 | $3944 [. 48. 43,7 | 3,503: || 112. 41. 9 —3,98 | 
753 | 6,7 282 1 33 | 54,32 || 8. 48. 58,2 | 3,021 || 112. 58. 25 — 4,5 
| 754 c Sagittari 3 | 282, 18. 36 | 57,40 18. 49. 14,4 | 3,827 || 120: 9. 42 — 4,7 
| 755 7 | 282. 40. 4519 || 78. 50. 40% 3,613 || 115. 6. 55 | —4440 | 
| 756 | © Selur 4 | 283. 1. 23 | 53,92 18 52. 5755 37595 112. I. 52 | — 4452 
| « 757 nn 4283. 27. 2056, 3 18. 53. 4943] 32757 || 177+ 57. 24 — 4,06 
| N 758 7 | 283. 34. 9 | 56,79 || 18, 54. 16,6 | 3,786 || 118. 56. 22 | — 4,70 
759 8 | 283. 35. 2 | $4421 18. 54. 20,1 | 3,014 | 112. 48. 8 | — 4,71 
760 17,80 283. 51. 4 | 55,08 || 18. 55. 24,3 | 3,072 || 114. 57. 57 | -4479 
| 7601 | 1 Sagittarii [3, 4J 284. ig. 4 | 53,01 18. 57. 16,3 | 3,574. |} 111. 20. 23 | — 4,98 
'| 702} | 7,8 284. 21. 11 | 53,13 || 18. 57. 24,7 | 3,542 || 110. 7. 40 | 4496 | 
763 8 | 284. 58. 4353,84 || 28. 59. 54, 3,589 || 111. 59. 20 | 5,18 
n eee Ja 59-35 nn 8. 5 7% J 1 54- 59 9 
: iT. TILE lon 285. 4. 20 | 55,56 If 29. o. 17,3 | 3,704 || 116. 14. 20 | — 5,1 
| 766 | J Sagittari | 6 | 285. 39..49 | 55,27 , 19. 2. 39,3 | 3,085 || 115. 36. 1 | — 5,41 
707 _ | 7 | 285. 41. 12 54,82 If 19. 2. 44,8 | 3,055 || 114. 31. 4 | — $442 | 
{84 -. © Th „ 285. 55. 4 52,17 19. -3. 40, 35478 || 107. 41. 27 | —- 5,50 
| | 769 | d Sagittari 41.6 | 286. 20. 11 | 52,70 19. F. 20,5 | 3,517 || 109. 18. 34 | — 5,64 
| W71% [8,9] 286. 28. 30 > (5297 19. 5. 54,0 3,515 || 109. 13. 22 | — 5,68 
| — — — <—_ — — — 3 
g a 
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MAYER's CATALOGUE OF THE PRINCIPAL STARS. 


oy” — — - TIER [i 

| | WD 9! : | 

„Names 8 Right N Right _— | North polar it ö 

02 Ascension Variat, || Ascension Variat. . 1 

and Places I. 1 | Distance. Preces. } 

&E | in Degrees. + in Time. {| + - 14 

of the Stars. | & 2 | | | it 

6. | * v M . 8 H M 8 8. D M 5 | 8. | ö 

4 | 65 |286. 45. 25 | 51448 || 19; 7.; 53,432 10g. 52. 52 | 5,78 0 

„ „27. , 405,7 (19, 8. 2,7 3498 112. 46. 33 | — 5,86 1 

| 1; e Sagittariiſ 5 287. 22. 20 52,32 || 19. 9. 29,3 |-3,488 || 108. 13. 32 | — 5,98 mY 
774 | 2- e Sagittarii 6 | 287. 23. 49 | 52,49 || 19. 9. 35,3 3,499 || 108. 40. 49 | 5,09 of 
| v Sagittarii | 6 | 287. 25. 27 | 51,03 || 19. 9. 41,8 | 3,442 || 106. 19. 56 | —6,00 1 
1 1. N Sagittarii| 5 | 288. 7. 16 | 54,86 || 19. 12. 29,1 3,657 || 114. 53. 54 | —6424 f 
3. x, Sagittariiſ 5 288. 11. 30 54404 | 19. 12. 46,6 | 3,043 114. 21. 18 | —6,27 TE: 1 
oe | 7.4288: 27. 2 53,77 19. 13. 48,1 | 3,585 || 112. 10. 30 —6,3 | f 

7 | 288. 33. 23572 19. 14. 13,5 | 3,419 || 105. 30. 41 | —6,3 Mi 

e 7,8| 288. 43. 5853,76 19. 14. 519 | 3,584 || 112. 10. 27 | — 6,43 # 

| [7,8] 289. 9. 365,30 19. 16. 38,4 | 3,420 || 105. 30. 47 | 6,58 11 

ꝗ Sagittarii 289. 22. 57 | 55,83 || 19- 16. 51,8 | 3,722 || 117. 23. 45 —6,59 BY 
148 | 289. 23. 55 | 51,36 || 19. 17. 35,7 |.34424 || 105. 46. 26 — 6,56 | 1 

8 289. 36. 27 | 53,55 || 19. 18. 25,8 | 33570 11. 43. 52 6,73 bi 

778289. 42. 22 | $3554 19. 18. 4945 3,569 || Ii. 43. 51 —6,76 Bl: 
48290. 28. 12 5450 || 19- 21. 5248 3,633 114. . 44 > 7,01 Bi! 

1. h Sagittarn 290. 48. 59 54,829. 23. 15,9 | 3,055 || 115. 9. 41 7,12 4 
2. h Sagittarii] 5 4 290. 58. 4454,88 || 19- 23. 593,659 || 115. 19. 49 ＋ 7518 14 
1 d 291. 2. 3352,57 [19 24. 10,2 | 3,505 [ 109. 17. 55 720 4 
| 8 4-291. 12. 57 | 52434 19. 24. 51,8 3,489 [[ 108. 40. 53 — 7,26 © 
LIES 8 | 291- 47. 50 | 54427 19. 27. 11,3 | 3,018, 113. 53. 18 | = 7,44 Ki 
778 291. 52. 1554,26 || 19. 27. 29,0 3,617 113. 53. 28 | — 7,47 3 

1. e Sagittarii 292. 10. 1451,61 || 19. 28. 40,9 | 3,441 || 106. 45. 30 | — 7,56 14 

2. e Sagittariiſ6, 5 292. 37. 2554,54 || 19. 30. 29,7 | 3,436 || 106. 36. 1 | —7,71 # 

57 Þ 292. 53- 30 | 51,30 19. 31. 1% | 3,420 || 105. 56. 21 | —7,79 1 "1 

f Sagittarii 6 293. 31. 39 52, 80 19. 34. 6,6 3520 110. 14. 56 — 8,00 J 
i 8 293. 54. 1353,22 || 19+, 35+ 30,9 | 3,548 || 111. 27. 26 — 8, 12 TI 

7,8] 294. 3. 41 | 59,65 19. 36. 14,7 |. 3,377 || 104. 12. 15 | —8,17 111 

| 294. 17. 14 | 50,18 || 19. 37. 89 |. 3,345 || 102. 49. 31 | — 8,24 170 

4 Aquilæ 1 | 295- 7. 46 | 43437 19. 40. 31,1 2,891 81. 40. 36 | —8, 51 ih 
N Sagittarit 5 | 295. 44. 14 | 55,16 || 19. 42. 56,9 3,677 116. 50. 24 | —8,70 $4 

| b Sagittarii | 5 | 296. . 3855,48 || 19. 44. 245 | 3,699 || 117. 42. 34 | —8,79 Fi 

g Sagittarii | 5 | 296. 30.26 | 51,17 || 19. 46. 1,7 | 3,411 || 106, 1. 55 | —8,94 . 

| a Sagittarii | 5 | 296. 32. 8 | 55,06 || 19. 46. 8,5 3,671 || 116. 44. 51 | —8,96 14 

ä | 6 1297. 25. $1 5859 || 19: 49: 43,4 3,706 [| 118. 16. 40 | —9,23 - 17 

40 2 „ 
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ak | N . a 3 TOR ; IT North polar | Annual | 
4 A Ascension | Variat. Ascension {| Variat. 2 | | 

of and Places 2. | | N Distance. Preces. 

2 in Degrees. + in Time. ＋ 
Stars. of the Stars. | & 4 | 

| | 1 vc | M. . $7; K. NM. 8. | — | ns Og © 8. | 
906 Sagittarii 7 297. 32. 57.| 50,52 |} 19. 50. 11,8 | 3,308 || 104. 12. 19 — 9,27 
80 | 297. 49. 13 | 53,01 || 19. 51. 16,9 34574 | 213- 10. 9 — 9,36' | 

90 8,9] 297- 54. 47 5,09 || 19. 51. 3% 34 105. 59. 7 9,38 
809 LO. 298. 8. 44 53,12 || 19., 52. 34,9 3,541 || 111. 53. 29 {— 9,45 

| " 810 | Sagittara 7, 8 298. 22. 16 49,8319. 53. 29,1 | 3,322 || 102. 10. 45 — 9,52 
4 | | SK. 22 Sagiitarii 7 298. 26. 44 50, 17 19. 53. 4%9 3,345 || 193: 14. 37 — 9,54 | 
8122 | 8 | 299. 1. 1 | 52,19 || 19. 56. 4,1 | 3479 || 109. 23. 47 %73 


8 | 299. 9. 19 | 50,91 [| 19. 56. 37,3 | 3-394 || 195- 37- © |” 9477 


* 299. 15. 32 | 4931 19. 57. 2,1 | 3,287 || 100. 39. 21 9,80 
p I 299. 19. © | 52,79 10. 57. 16,0 | 3,519 [| 111. 11. 1 — 9,82 
9 299. 33. 38 52,36 || 19. 58. 14,5 | 3,491 | 2 58. 41 — 9,89 
6 300. 4. 45 | 50,03 || 20. o. 19,0 3,335 [| 103. 0. 6 — 10,04 
6 300. 10. 41 | 50,09 || 20. o. 42,7 3,339 {| 103. 13. 1 |—10,07 
4 | 301. 11, 8 | 49,97 || 20. 4. 4445 | 34331 [[ 102. 57. 55 [— 10,38 
301. 29. 58 | 50,01 ||'20. 5. 55,9 | 3,334 [| 103. 8. 34 [—10,47 
il 3 | 301. 35. 5o | 50,02 || 20. 6. 23,3 3,335 || 103. 10. 54 |—10,50 | 
i | 6 301. 48. 57 | 52,14 || 20. 7. 15,8 | 3,470 || 109. 45. 31 . 10,56 
6, 7 302. 14. 26 | 50, 6020. 8. 57,7 3,380 [ 105. 25. 59 — 10,69 | 
8. 6302. 15. 35,620. 9. 0,2 | 34337 || 103. 24. 21 — 10,69 
825 | 8 Capricorni | 3 | 302. 17. 59 | 50,70 || 20. 9. 11,9 | 3,380 || 105. 25. 47 |— 10,71 
| B26 | | 7,8) 303. 9. 53 | 50,49 || 20. 12. 39,5 | 3,366 || 104. 54. 52 |= 10,97 | 
827 7, 8] 303. 22. 24 50, 4420. 13. 29,6 | 3,363 || 104. 46. 29 — 11503 
828 8 | 303. 23. 27 | 49,09 20. 13. 33,8 | 3,313 || 102. 22. 21 |— 11,04 
829 | | I 303. 30. 1 | 52,14 || 20. 14. o, 13,47 110. 5. 51 |— 11,07 
830 „ Capricorni | 6 | 303. 49. 1851,72 || 20. 15. 17,2 | 3,448 || 108. 53. 8 |—11,16 
8 — — — Weugry — lun 
| 831 | e Capricorni | 6 304. 13. 2 | 51,57 20. 16. 52,1 | 3,438 [ 108: 29. 37 11,27 
832 8304. 15. 151,58 || 20.” 17. o, | 3,439 || 108. 32. 59 — 11,28 
833k J 304. 15. 6 | 51,44 || 20. 17. 0,4 | 3,429 || 108. 6. 57 11,28 
834 |1.0Capricorni®| 8 | 304. 27. 16 | 51,85 || 20. 17. 49,1 | 34457 || 199. 25. 56 |—11,34 
1 835 z. oCapricornt | 6 | 304. 27. 40 5,85 20. 17. 50,0 | 3,457 || 109. 25. 49 |[— 11,34 
| 836] 8,9] 305., 5. 15 | 53,89 || 20. 20. 21,0 | 3,593 || 115. 38. 17 — 11,53 
837 8 305. 9. 13 | 51,13 || 20. 20. 36,9 | 3,409 || 107. 18. 22 — 11,64 
838 6 | 305. 13. 31 | 49,05 || 20. 20. 54,1 | 3,070 || 100. 29. 55 |— 11,57 
839 | 7 305. 37. 16 | 50, 21 || 20. 22. 29,1 | 3,347 || 104. 24. 47 |— 11,08 
| 840 | 7+8| 305. 54. 23 | 51,06 || 20. 23. 3745 3,404 || 107. 13. 56 |—11,76 


* 


* There appears to be a miſtake of 10 in the polar diſtance of this ſtar; it ſhould probably be 100%. 15'. 56”. 
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MAYER's CATALOGUE OF THE, PRINCIPAL STARS. 
— — | * r N e AT th nr. f a —ñ — © Ke 71 
1 Righ A 1 4 
Numb ; Names < «i * : 2 IT # 1 en 4 +3 1 _ | North polar Annual 
R [Ascension Variat Ascension Variat. Ba e: 
and Places | 2] T pee ge ' i , Distance. | Preces. | 
| | # | -in Degrees. | + | in Time. „„ Üç—˙· C 
;of the stars. 7 | , H Hem Se; LH ; 
R - : RA 
| . . þ . _ 1 pn | 1 12 8. : D. Mc ſe ' 8. 4 i 
i | 3 | 396. 3. 59 52,34 20,24. 15 111. 17. 48 | 11,81 
q * 8306. 23. 22 50,2 25. 3355 105. 51. 35 |— 11,90 
| * 5 5 N 306. 28. 37 52 15. 257 54¹¹ 107. 50. 20 — 11,93 
r Capricorni | 6 | 306. 52. 43 | 50,55 Een 10 I9 12,94 
» Capricorni | 6 Jef. 212 51,49 [[26. "28, . 10. 2. 50 [2,07 
„ 2 | 397: 19:.51,] $686, || 20, 28. 43,4 106. 51. 28 |—12,12 
Þ Capricorni $ |. 308. 24.35 5568 20. 33. 38,3 116. 0. 36 — 12,46 
| | = Cygni 308. 33. 57 | 30,59 (2. 34. 15,8 45- 27. 44 12,57 
| | + Aquarii 5309. f. 25 4858320, 36. 17,7 100. 15. 6 — 12,64 
0 7309. 37. 1 | $1,28 20. 38. 28,1 108. 47. 45 12,79 
1 ; TH SY WH — — — ISS + CE I _— : 5 
„ Capricorni | 6 309. 48. 54 | $4,10 || 20. 39. 15,6. 217. 41. 26 |—12,84 | 
n N 319. 13. 39 49783 20. 40. $4» 103. 58. 51 T1295 | 
B33 | Aquarii 4, 5 310. 19. 41 | 48,65 20. 41. 18,7 [3,243 || '99. 45. 30 — 12,98 
KE 7310. 23. 51 49,30 20. 41. 3534. 3,291 102. 21. 19 13, 00 | 
855 5 7 | 370. 43. 44 51,16 || 20. 42. 54,9 108. 42, 24 — 13,08 | . i 
856 | [7,8]. 311. 4. 14 | $3475, 20. 44. 16,9 117. 4.55 [= 23437 I It 
857 7 | 377. 28. 28 | 50,50 20. 45. 53,9 | 32371 || 10 49 39,1 1542 1 
858 7,8] 317. 54. 46 | 51439 2. 47. 3,1 | 105. 50. 12 ,— 13,9 1 
t 7312. 15. 2550,94 20. 49 1,7 108. 20. 4 — 13,48 | . Mi 
86o | ; Aquand | 1748) 31%: 25: 36 [4992 11.49% 492, 3543 39% 39: 19 7 hh» 10 
98 17758 312. 37. 50 40,9 || 20. 50. 31,3 102. 30, 22 ,— 13,58 ill 
862 | » Capricorni| 5 | 313. 6. 33.| 51,54 || 20. 5a. 26,2 110. 40. 19 — 13,70 | thi 
863 | 9 Capricomi| 5 | 313. 31. 50 | 50,75 || 20. 54. 753 108. 3. 17 13,81 ar 
864 | a Capricorni | 6 | 313. 42. 20 | 53,03 || 20. 54. 49,3 115. 49. 55 |= 13,85 | 1 
865 [1.x Capricorny 6 | 314 7. 41 | 51,84 || 20. 56. 30,7 112. 1. 27 — 13,97 6-4 
866 3. x Capricorni| 6 314. 22. 46 51,63 || 20. 57. 31,1 | 3,442 || 111. 23, 8 — 14,03 | ; 
867 | » Aquarit 5 | 314. 32. 4 | 49,11 || 20. 58. 8,3 13,274 || 102. 12. 37 1406 Thi 
868 17,8 315. 1. 7 | 49,90. [z. o. 4,5 | 3,327 || 105. 19. 7 — 14,18 1 
869 7,8 315. 29. 652,01 21. 1. 56,4 | 3,407 || 113. 3. 54 — 14,30 10 
870 | Capricorni 6 | 315. 54. 54 | $152. 21. 3. 39,0 3,435 | 211 30. 49 — 14,40 104 
871 | | 6 | 316. 32. 23 | 50,73 ||21. 6. 9,5 | 3,382 || 108. 51. 12 —14,55 100 
872 17,8 316. 37. 49 [51,36 21. 6. 30,7 | 3,424 || 111. 12. 10 — 14,57 1 
873 | 7,8] 316. 53. 27 | 50,22 21. 7. 33,8 3349 | 107. 3. 1 —14,03 | 4 
874 8, 9ſ 317. 16. 25,43 [2 1. 9. 41 | 3,429 | 111. 41. 40 — 14,72 1 
875 |» Capricornt | 5317. 38. 5 | 50,33 21. 10. 32,3 39355 10%. 43. — 14,81 13 
0 
by 1 
+ 
; 10 
bags 
N 14 
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Ti IR 
Nu: "* 3 1 f | C 1 
wn Right 140 Annual a * | * 
| rag in Varia. * m— 4 oy 1 55 
Stars. in Degrees! 1! + 16 Ascension Variat. e pothr Annual 
| TD dr << il | Distance. preces 
A — 1 Fb 
7 0. — PE. 
3189. 12 f | 
| 319. 87, 51,89. 
x J. 3151,36 
N 318. 10. 28* 40 '| 
i 44. 39. 82 72 4 
1 = LICTETS 51,80 
[ 3rd. 5 4050 175 77 
. | | 31 54. 114 AE 
kB 4+4—- 32 , | 7. 2 8 5 70 
4 Ver 44 N 6c | 8 
987 | T5 Fel ax fangs 3165 ||_ 6. 
8868 b | 320. 4335 3889 er 2 9 3. FOOTE ry 
889 . | | 320. 40. a T 21. 23. 4 2329 107. 83 357 Bl 
89 141321 471 50,93 21. 23. on: 34393 [| 121..: 0. P11 297 
r 5321. 5 508 2125. 184 3-395 [ x11. 40 50,17 2993 
891 4 9 9. 2 147.94 215 26, 54 34379 | e fs 1415, 53 
8 a e ee 33,7 [31190 [| gh, 47. 8 BP: 
893 : 32. r. 47 49593 21 +; 26,0. LE 0 47 — 9-1 £5374 
894 4 S 322. 45. 4 449,28 21, 30. q 77 7529 10 107. 36. 0 
895 II. 6 FT 475 322 ö r 0 K ys 2 21. * 58 37285 104. 8 I 5,82 
— = G OE 45 * 52.1.5 'F 158 255. 3,359 * 109 > 15 1501 
e ee | 5 | WE 4, 3 2 Ae 2250 100. 34. 6158 
f 897 3 Caprleorni 5 323. 48. 18 8, 6 < f a 35209 100. 2 19,98 
8986 . 1775 25 1856 48 13 e 
, 899 -# * 4728 405 102. 19 28 
9800 „ 452 a . 48,85 107%. 3 1870 
1 8 n 103. are? — 16,19 
901 — — 2 58, 41. 33 10,34 
e een | 5 | 335. 27. Jo | 397-288: 49. J 16,35 
903 35 65K 15 4 8. 14 49700 . 20. 16,42 
e 5 7 4 | 4582 ey 730-150" 051 
E &- 9. 482 11.406. 14. 16551 
J. 2 — 2 326. 4 49,21 14 108. — 16,60 
_ 4 58 | 50,50 1] 106. {4 7 7 16,68 
i n 
908 20. Aquarii N 51 3 —49 45,6 q A 4 * 
90% |= Aquarii || 3 324. 6. 4% 46,60 103. 39. 43 |—16,7 
gro 3 A. 3328. 4. p 7 Ar | : 1108. Gig. + + "Th 
EEE 1 [1594 
quarii e 13 | 48,78 ||'21. . 6% 1671.99: . 39 % 
oy ns — 11 — a 449 3,252 | 8 9 55 5 17,14 N 
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| TT 
| 'P : 'Annua '. Ri Annual 
Numb. Names < | _ | a8 : | . 0 . |]. North polar | Annual 
| 08 Ascension Variat.] Ascension Variat. : 
"wh & and Places = u Dee T Th | EE Time. + Distance Preces. 
| Stars. | of the Stars. 8. 5 e | | i | gy 
| = dS. 8 . 8. x | 8; 
g11 | e Aquarii 6 | 329. 50. 49 | 48,27 || 21- 59. 23,3 | 3-218 || 102. 35. 20 |—17,33 
912 | s 7,8] 330. 32. 58 | 48,29 || 22. 2. 11,9 | 3,219 || 102. 57. 19 |—17,45 
913 | 9 Aquarii | 4 | 331. 26. 8 | 47,51 22. 5. 445 | 34167 || 98. 49. I5 — 17,60 
914 7. 331: 26. 43 [47572 || 22. 5. 46,8 3,181 || 100. 4. 42 — 17,60 
915 [e Aquarii - |5,6| 332. 17. 10] 47,17 || 22. 9. B,7 | 3,165 || 98. 52. 4 |—17,74 
12 | & i . | 3 5 
916 [% Aquarii 3 332. 42. 846,41 22. 10. 48,5 | 3,094 || 92. 26. 21 17,87 
9117 16333. 16. 37 46,9522. 13. 6,5 | 35130 [95 53- 29 — 17 
918 7333. 26. 2346,37 22. 13. 45,5 3,091 92. 14. 46 — 17,93 
919 I 7,8 333. 58. 56479422. 18. 33,196 102. 17. 16 — 179 
920 | & Aquari 4 334. 30. 17 | 49,18 || 22. 18. 41,1-] 3-979 91. 5. 13 — 18,09 | 
g921 | o Aquarii 5334. 52. 5247,79] 22. 19. 31,5 | 3,186 || 101. 44. — 18, v5 
922 9 4 7, 8]\335. 8. 8 47761 22. 20. 32,5 3,187 101. 68. 30 — 18, 19 | 
923 | Aquarii 4 336. 8. 32 46,9 [221 24. 34, 3,079 91. 11. 33 — 18,94 
924 | x Aquarii .'| 5 336. 43. 12 46775 Ie 35117 [95 17. 12 — 18,42 
L e eren 
926 833 18. 474% (aa, a9. 1% 3,137 97. 37. 13 18,0 
927 8337. 59. 32 47,6122. 31. 58,1 3,167 || 101. 11. 46 — 18,99 
928 1.7338. 0. 454,622. 32. 3, 03,151 99, 24. 121899 
929 29] 338. 3. 18-f 47,11 ||22: 32. 13,1 3,141 || 98. 18. 32 |— 18,60 
930 7 338. 4. 247, 0822. 32. 1657 3,139 [ 98. 3. 22 |— 18,60 | 
Meese 34: 32: on 22: 734. 18,11] 33161 | 100. 44. 39 18,06 
932 f. 1 Adar 339. 8. 7147622. 36. 32,7 | 35197 |} 105. 10. 23 |— 18,74 
9332. 7 Aquarii 6 339. 36. 56. 47785 22. 3B. 27,7 | 3290 104. 41. 40 — 18,79 
5 | 3397 57. 204% || 22: 39. 49,3 3,130 || 95. 25. 4 |— 18,83 
. is 339. 57. 20474 || 22- 39. 43 353% 98. 25. 4 |— 18,83 
936 > Aquarii - 4 340. 24. 50 | 47,05 || 22. 41. 3% 35137 [ 98. 41. 30 18,89 
937 [ Aquarii 3 340. 52.'26 | 48,02 || 22. 43. 29, 3,201 106. 55. 53 f 18595 
938 [4 Piſcis Auſt.] 1 341. 30. 14,81 [| 22. 46. 0) 3,321! 120. 43. 39 01 | 
939 8. 7 342. 20. 22 | 47,09 22, 49. Te 3,139 100. . 1 |+1g,i0 
e 6,7 342. 37. 7 46,8822. 50. 28, 31259 98. 10. © |— 19,13 
' £941 g Piſcium + 4 343. 18. 0 45.75 22. 53. 12,0 3, 80 (87. 18. 22 — 19,20 
942 6 Pegaſi 2 343. 24. 2] 43,11 || 22.53. 36,1 2,874 63. 3. it — 19,21 
943 | 1. h Aquarii 343. 33. 4] 46,90 [ 22. 54. 12,3 3527 98. 49. 20 |— 19,22 
-944-| « Pegaſi 2343. 34. 38 44,6022. 54. 18,5 2,973 78, $5. 12 |— 19,23 
945 | 2- h Aquarii 7 343. 35. 37 | 46,91 || 22. 54- 22z0-| 3,127 | 98. 54. 7 [= 19923 | 
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Distance. 2 Preces. 
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cw CWO » 
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| 22. 64. 56,7 
58. 16,6 | 
22. 57. $57 : 


W 
4 


348. 11, 30. 
348. 13,827.04 
349+ | 8,39. 


7] 349. 74; 51. 
349. 20. 2. 8 
349. 42. 14.4 
349. 50. 10. 
4 


359. 10,8 


KK 


380. 1), 52. a 
23.42 6 
8]353 Q10. 34.440 
| 22.13 
7 354 25, 19 


256358. 59. 
S* 11, 


352. 17.5 


352. 50. 15 
333. 31. 43 
353. 55, 11 


354. 6. 5046 
— P 
354. 17. 14 0 


1354. 26. 18 
354. 31. 20 
354. 40. 49 
354 5. 3 


1 23. 29. 9,0 
23. 31. 21,0 
23. 34. 6.9 
39. 40,7 3,06 


11 
439 2723 


=. 
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3-, 37. 8,9 | 
23. 37. 45,2 
23. 38. 5,3 
23. 38. 43,2 


46,37 || 23+ 39 3443 | 
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| | ; | ET bl 
A 1 i Annual 
Numb. Names = _ £3 _— "|| North polze |- Annual 
| Ascension Variat. Ascension Variat. 
of and Places E1-. + 1 + Distance. Preces. 
Stars, | of the Stars. 8 LATEST | | 
f | D M S 8. H = S 8. ſs = 8. 8. 
991] Piſcium | 7 | 355. 32. 12 | 46,14 23. 42. 8,8 | 3,076 || 94. 19. g |—19,99 
g82 6,7 350. o. 40. | 46,05 || 23- 44. 2,7 | 3,070 || gi. 3. 27 - 20, o0 
983 » 7] 356. 5. 55 | 45,88 || 23. 44. 23,7 | 3-059 84. 5. 40 [—20,00 
984 1 6,7] 356. 59. 1 | 46,12 || 23. 47- 56,1 3,075 || 94. 43. 8 20, oa 
985 | Piſcium 5357. 8. 5 | 45,92 23. 48. 32,3 | 3,001 || 84. 17. 50 - 20, oa 
| 986 = 5 357. 46. Y 46,12 || 23- 51. 443 | 3,075 94. 11. 40 [- 20,03 
987 Piſcium 5 | 357. 47. 55 46,12 23. 51. I1,7 3,075 97. 10. 44 |—20,03 
988 2 357. 49. 16 | 46,07 [ 23. 51. 17,1 | 3,071 3. 56. 1 |—20,03 
989 | 2. c Piſcium |5,6| 357. 56. 44 | 45,93 || 23- 51. 46,9 | 3,062 2. 40. 47 [- 2003 
990 Piſcium 358. 38. 56 | 46,08 || 23. 54. 35,7 | 3072 || 96. 52. 55 . 20, o4 
991 | « Andromedz| 2 | 359. 23. 20 | 45,91 || 23. 57. 33,3 | 3,061 62. 4. 1 |—-20,04 
992 8 | 359. 47. 39 | 46,02 23. 59. 10,6 | 3,068 93. 43. 39 - 20,05 
| s | 
| 
3 


8 
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Mayer had no tranſit inſtrument to take the right aſcenſion of the ſtars, but took them with the 
teleſcope of his quadrant. He ſettled the places of ſeveral of the bright ſtars which were viſible | 
| in the day time, by compariſon with the ſun in the ſame parallel. But this could only be applied } 
| to thoſe ſtars whoſe declinations were leſs than 18, as the ſun's motion in declination would other- 
wiſe be too ſmall. He compoſed his ſolar Tables by the help of theſe bright ſtars; and by com- 
paring the tranſits of the ſaid ſtars with thoſe of the ſun when it's declination was between 18 and 
2322, taking the ſun's right aſcenſion anſwering to the longitude computed by his ſolar Tables, he 
found the errors of the plane of his quadrant at thoſe altitudes; and then by obſerving the zodiacal 
ſtars within thoſe * he filled up his nen | 
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THE FIGURES REFER TO THE ARTICLES. 
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A.- 


I RRATTION of the fixed ſtars, 5033 3 
the theory of it, from 504 to 5213 in the 
planets, 526 to 532. 
Achronical, rifing and ſetting of a tar, what i it 
is, 57; how found, 788. | 
Almacanter, what, 22. 


Altitude, on what circle meaſured, 243 error of 


given, to find the error in time, 93. 

Amphiſcii, 778. 

Angle, between two great circles how meaſu red, 
12; of poſition, 126. 5 

Anomaly, what it is, 65; mean, how found, 222; 
true, how found, 222, 223, 226; 227, 228; 

excentric, what it is, and how found, 222. 

Anteci, 779. 

Antipodes, 779. 

Aphelion, what it is, 60; how to find it, 250, 

252, 254, 258, 260. 

Apogee, what it is, 62; of the moon, it's mean 
motion, 347, 902, 1188; of the earth, 250, 
>: 

Azſis, what it is, 64 diſtance between the ap- 
ſides, how found, 832, 833. 

Areas, proportional to the times, 805; accele- 
rated and retarded, 809. 

Argument, it's meaning, 50. 


7 


Accenſion, right, 35; oblique, 36; their diffe- 
rence, called aſcenſonal, 37; right, of any 
body how to find it, 118; right, of a ſtar 
how firſt to find it, 119, 120 practical method 

of finding the right aſcenſions of the other 
ſtars, 121, 122 ; right, how to find it from the 
latitude and longitude, 124 ; variation of it, 
1047. . 

Aſeii, 778. 

Aſtronomy, the hiſtory of, Cues. XLI. 

Attraction, of two ſpheres to each other, $38; 

they revolve about their center of gravity, 
840 to 844; law of, 838. 

Hoke, of the earth, 14. 

Azimuth, what it is, 29. 


- 
+ 
» 
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CATALOGUE, of fixed ſtars, 523. 

Circle, a great one, 2; a ſmall one, 2; axis of a 
great one, 3; it's poles, 3; of declination, 19; 
vertical, 24; arctic and antarctic, 44; of per- 
petual apparition, 78; of curvature, 810; how 
the force and velocity vary in circles, 819. 

Colures, equinoctial and ſolſtitial, 43. 

Comets, what they are, 72; to determine their 
orbits, & c. 039 to 697. 


4D. 5  Commutation, 
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580 
| Commutation, angle of, what it is, 52. 


Conjunttion, what it is, 46; of an inferior planet, 


when it happens, 238. 
Conftellation, what it is, 74 ; their number, 72 1. 
Comical, riſing and ſetting of a ſtar, what it is, 
57; how found, 788. 
Curtate diſtance, what it is, 59 


- Cycle, what it is, 758; of the ſun, how found, f 
Ecliptic, what it is, 30; it's 


758; of the moon, how found, 759. 


D. 


DAYS, why they vary in length, 81. 


. Declination, circles of, rg; parallels of, 20; what 
it is, 38; how to find it, 123; to find it from 
the latitude and longitude, * ; variation 1 


it, 1046. , 
Denſities, of the phanets, 1060, &c. 


Dial, ſnadow of it's gnomon when parallel to the 


earth's axis, never goes backward, 99; an ho- 


rizontal one, how conſtructed, 1123 a vertical 


ſouth one, 213; how to fix each, 114. 116. 
Digit, what it is, 70. . r * 
Dae r. eech 758. 45 it 1 7 ' 

b dan io Cp 7 2 55:bai 


EARTH, it's ſpherical figure how diſcovered; B44 
how a degree on it's ſurface is meaſured, 843 
it's figure found by horary parallaxes, 162; 
it revolves about an axis, 209 it's tropical 
revolution, 146; it's ſidereal feyolption, © 149 3 


tion of it's orbit, 249 plac of It's apogee, 
250; excentricity of it's orbit, 251; motion 
of it's apogee, 271; figure of, from 965 to 


1003; dimenſions, 10h to 1013; denſity and 


quantity of matter, 1067; light and heat, 1079. 
Eafter Sunday, how found, 8o9t.. 
Eclipſe; projection for the conſtruction of ſolar 

eclipſes, 533 to 542; of the moon, how cauſed, 
543; how calculated, 544 to 5 53] it's limit, 
552 how conſtructed, 55 56; of the ſun, it's 

cauſe, 557; it's limit, 560; how calculated, 

562 to 572; to find the point of the ſan 
. firſt and laſt touched by the moon, 573; to con- 

ſtruct an eclipſe of the ſun, 575 to 578; how 
. Calculated from the projection, 579; eden 


* 
INDEX, 


of the rays at the moon, 580, 587; to trace 


cout the path of the -phaſes. upon the ſurface of 


the earth, 581 to 584; phenomena of a total 
eclipſe, 58 5; to find the diſtances of the cen- 
ters of the ſun and moon at the time of an 
eclipſe, 586: number of eclipſes which may 
happen in a year, $88; more ſolar than lunar 
eclipſes, 589. 

obliquity, 31; 
obliquity, how found, 151; it's diſplacement, 
10743 variation of it's obliquity, 1090. 

Elongation, what it 1s, 48. 


-Eza#, how found, 800. 


Equations, what they are, 69; of equal altitudes, 
107; of the moon's orbit, CHAP. XXXII. 


Eguation of the Center, what it is, 6 5; how found, 


223; when greateſt, 230; to find the greateſt 
equation of the center, 249, 254, 258, 260. 
Equation of Time, what it is, 56, 129; how to 

compute it, 131, 132. 
Equator, terreſtrial, 15 ; celeſtial, 18 ; it's obli- 
quity, how found, 86, - 
Equinofial Points, or Equinoxes, what, 31; to find 
when the ſun comes to them, 143; preceſſion 
of, from obſervation, 147; preceſſion of, from 
what cauſe, 8 59 theory. of the preceſſion, 
1014, &c. their mation, from the attraction of 
the planets, 1086. 
Excenvicity of an a how found from the 


.- greateſt equation, 231, 249, 254, 258, 260. 
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Fokck, in a curve, what it is proportional to, 
808, 81.1 ; how it varies in a conic ſection to 
the Son 8133 centrifugal, how it varies, 
827; ablatitious and addititious, 845; their 
general effects, 845 to 861; eee of the 
moon, 864. 2 


G. 


GEORGIA planet, it's relative diſtance from 
the ſun, 299; it's tropical and ſidereal revoluti- 

ons, and. ſecular motion, 247; an account of it's 
diſcovery, and a determination of the elements 
of it's orbit, Caae. XVI.; denſity and quan- 
tity of matter, 1067; light and heat, 1069. 
| Globes, 


INDEX. 


Longitude, on the earth's ſurface, 17; of an hea- 
venly body, 39; how found from the right 
aſcenſion and declination, 124; of places on 
the earth's ſurface, how found, 735 to 765 ; 
of a ſtar, it's variation, 1094. 


Globes, terreſtrial and celeſtial, their uſe, 766 to 


790. 
Golden Number, how found, 799. 


Gravity,  KEPLER's idea of it, 220. 


H. 


HEAT, it's variation at different ſeaſons, and in 


different climates, 81. 
Heliacal, rifing and ſetting of a br, what it is, 


58; how found, 789. 


Hemiſphere, northern and fouthern, 15; eaſtern 


and weſtern, 27. 

Heteroſcii, 778. 

Horizon, ſenſible and rational, 21. 

Hour-angle, what it is, 88; how reduced into 
ſolar time, 88; how found, 89, 91, 92; re- 

| duced more accurately into ſolar time, 100; 

how reduced for a fixed ftar or planet, 101; 
how found when any body riſes, 102. 


. 


INDICTION, what it is, 801. 

Interpolation, the doctrine of, Cy ay. XL. 

Jupiter, it's mean motion found, 240; it's ſe- 
cular equation, 247; it's tropical and fidereal 


' revolutions, and ſecular motion, 247; greateſt: 


equation, excentricity, and place of the aphe- 
lion of it's orbit, 253; motion of it's aphelion, 
273; place of it's node, 283; inclination of 
it's orbit, 286; motion of it's nodes, 288; 
time of it's rotation, 402; it's figure, 98a; 


denſity and quantity of matter, 1067; light 


and heat, 1069; motion of it's nodes, change 
of inclination, 1079. 


K o 
KEPLE R, his diſcoveries in Li Crap. 
IX. his problem, 221. 


L. 


LATITUDE, on the earth, 16; of an heavenly 
body, 40; of a place, how found, 85; of a 
ſtar, how found from the right aſcenſion and 
declination, 124. it's variation, 1093. 


581 


M. 


MAPS, the orthographic projection of, 1232; 


the ſtereographic projection of, 1234; the 
globular projection of, 1239; MercaTtoR's 
projection of, 1240. 

Mars, it's mean motion found, 240; it's tropical 
and fidereal revolutions, and ſecular motion, 
2473 place of it's aphelion, excentricity, and 
greateſt equation of it's orbit, 256; motion 
of it's aphelion, 274; place of it's node, 283 
inclination of it's orbit, 286; motion of it's 
node, 288; time of it's rotation, 403; quan- 


tity of matter and denſity, 1067; light and 


heat, 1069; motion of it's nodes, and change 
of inclination, 1079. 


Mean, place of a body, 68; motions of the pla- 


nets, how found, 239. 
Mercury, it's mean motion, 243; it's tropical 
and ſidereal revolutions, and ſecular motion, 


247; place of the aphelion,. excentricity, and 


greateſt equation of it's orbit, 256, 259; 
place of the aphelion determined, 262; mo- 
tion of the aphelion, 276; place of it's node, 
283; inclination of it's orbit, 286; motion 
of it's nodes, 288; when brighteſt, 320; how 
to compute it's tranſit over the ſun's diſc, 611; 


to find the place of the node from it's tranſit, _ 


632; difference of meridians. found from the 


tranſit, 631; denſity and quantity of matter, 


1067; light and heat, 1069; motion of it's 
nodes, change of inclination, 1097. 


Meridian, on the earth, 16; celeſtial, 25; when 
any body comes to it, 105, 107; how to draw 


a meridian line, 115. 
Mid-heaven, what, 106; It's right aſcenſion, 


106. 


Moon, the time of it's riſing, how found, 1033 


to find the time when it paſſes the meridian, 
tos; it's right aſcenſion found from obſerva- 
tion, 122; it's declination found from obſer- 
vation, 123; it's latitude and longitude com- 
puted from it's right aſcenſion and declination, 


1243 


582 


124; it's parallax, how found, 157; it's pa- 
rallax in latitude and longitude computed, 
1643 it's horary parallax, 168; it's diſtance, 
170 it's magnitude compared with that of 
the earth, 171; why it appears of an oval form 
near the horizon, 207; to find it's nodes, 327, 
328, 329; motion of it's nodes, 330; incli- 
nation of it's orbit, 332; it's mean motion, 
333; it's ſecular motion, 337; ſidereal and 


ſynodic revolutions, 339; equation of it's 


orbit, 340; place of it's apogee, 341, 346; 
mean motion of it's apogee, 347; equation 
of it's orbit, and evection, 3493 it's variation, 
351; it's annual equation, 352; irregularity 
of the motion of the nodes, and inclination of 
the orbit, how repreſented, 354; equation of 


latitude, how found, 355; elements of the 
theory of the moon from obſervation, 355; 


acceleration of the moon, 356; diameter, of 
the moan, how meaſured, 360; time of paſ- 
| fing the meridian, 360; the meaſure of it's 
diameter, 3613 it's phaſes, 364; it's libration, 
365 ; time of rotation, 368; nodes of it's 
equator, 369; altitude of 'it's mountains, 
3733 it's twilight, 377; phænomena of the 
harveſt moon, 378; horizontal moon, 382; 
to find the inclination of it's axis, and nodes 
of it's equator, 396 to 399 ; diſturbing forces 
of, 863 to 865; it's velocity in an orbit not 
excentric, 866, 867, 880; radius vector of 
it's orbit, 868; equation of it's center, 
868 to 873; effect of altering it's force or 
velocity by a ſmall quantity, 874 to 879; 


apſides, on what their motion depends, 877; 


excentricity of it's orbit, on what the variation 
depends, 878; alteration of the figure of it's 
orbit, and it's variation, 880 to 890; annual 
equation, 891; equation from the inclination 
of the orbit, 893; alteration of the periodic 
time, 894; mean motion of the apogee, it's 
equations, variation of excentricity, and evec- 
tion, 896 to 910; equations depending on the 
place of the apogee, 911, 912; to correct the 
equation of the center, 913; to correct the 
variation, 914 to 917; to correct the evection, 
918 to 920; equations of longitude on the 
orbit, 921; equations of parallax; 924, 925; 
motion of the nodes, 926 to 945; variation 
of inclination of the orbit, 946 to 956; to 


reduce the moon's place ta the ecliptic, 957; 


INDEX. 


equations to the longitude on the ecliptic, 
958; true place of the apogee, 959 to gbz ; 
denſity and quantity of matter, 70675 ; equation 
of it's orbit, 1175; motion of it's apogee, 
1188. 

Motion, direct, or in conſequentia, 33; retrograde, 
or in antecedentia, 33; real, of the planets, 
in what direction, 33; apparent, 33; diurnal, 
of the heavenly bodies, 78, 79, 80; when 
perpendicular to the horizon, 95; hourly, of 
planet in it's orbit, 233; hourly, in latitude 
and longitude, 234, | 


N. 


NADIR, what it is, 23. 

Node, aſcending, deſcending, line of the nodes, 
GI, 

Nona geſimal Degree, what it is, 67 to find it, 164. 

Noon, apparent, 54; true, or mean, 55. 

Nutation, of the earth's axis, 1027, &c. 


O. 


OCCULTATION, of a fixed ſtar by the moon, 
how to compute it, 590 to bor. 

Qppoſition, what it is, 46; of a planet, to find 
when it happens, and at what point, 236. 


5 


PARALLAX, diurnal and annual, 49; what it 
it is equal to, 154; of the ſun, how found, 
155, 156; of the moon, or a planet, how 
found, 157 to 161; in latitude and longitude, | 
how found, 164, 166, 167; of the moon, 
168; forall latitudes, 169; in azimuth and 
altitude from the figure of the earth, 1 723 
in altitude on the meridian, 173. 

Periæci, 779. 

Periſcii, 778. 

Perigee, what it is, 63. 

Perihelion, what it is, 61. . 

Planets, primary and ſecondary, what * are, 
71; move in elliptic orbits about the ſun in 
the focus, 217; their relative mean diſtances 
from the ſun, 217; the nn, of their pe- 

riodic 


INDEX. | 583 


riodic times are as the cubes of their mean 
diſtances from the ſun, 218; deſcribe about 

the ſun equal areas in equal times, 2193 

equations of their centers, how found, 222; 
times of their revolutions, and ſecular motions, 

247; how to correct the elements of their 
orbits, 263, 267; their mean longitudes found, 

264; aphelia of their orbits, 264 excentricities 
of their orbits, 264; greateſt equations, 264; 
variations of the greateſt equations, 265; 
reduction of their places to the ecliptic, 268; 
to reduce their places ſeen from the earth to 
their places ſeen from the ſun, 278; to find 
the place of their nodes, 279 to 282 ; to deter- 

mine the inclination of their orbits, 283 to 286; 
motion of their nodes, 288; their poſitions 
when ſtationary, 313; times when ſtationary, 
314; their diſtances found from their poſitions 
when ſtationary, 315; when direct and re- 
trograde, 316; to delineate their appearance, 
318; times from conjunction to conjunction, 
324; their rotations, 400 to 406; denſities, 

quantities of matter, diameters, gravity on 
their ſurfaces, 1067; light and heat, 1069; 
motions of their nodes, and inclinations of 
their orbits, 1079; equations of their motions, 
Cray, XXXVIL. 

Points, north and ſouth, 26; eaſt and weſt, 28; 
cardinal, 28; equinoctial, 31; {olflitial, 42. 

Pole, ſtar, 18. © 

Poles,. of the earth, 14; of it's vn 143 of 
the celeſtial equator, 18. 

Poſition, angle of, what it is, 53; how to find it, 
126. 

Projection, orthographic, 12113 ſtereographic, 
1216; MERRNCATOR's, 1226. 


QUADRATURES, what it is, 46. 


- 


R. 


REFRACTION, it's effect, 174; how found, 
175 to 180; how it varies at different alti- 


tudes, 181, 186; ratio of the ſines of inci- 


| dence and refraction out of a vacuum into air, 


how found, 188; to find the radius of curva- 
ture deſcribed by a ray of light in the atmo- 


ſphere, 193; it's effect upon objects on the 


- earth's ſurface, 194 to 198; how much it 


| ſhortens the earth's umbra, 201; it varies at 
different times of the day, and of the year, 
203; how it-varies with the variation. of the 
weight and temperature of the air, 2043 
cauſes the ſun and moon to appear of an oval 


figure, 207. 


8. 


SATELLIrzs, what they are, 51; revolve 


about their axes, 406; — Of Jupiter — their 


periodic times and diſtances, 409 to 418 ; 
their equations, 419 to 426; their echpſes, 
427 to 432; variation of the inclination of 
their orbits, and libration of the nodes, 433 
to 440; nodes of the 'orbits, 441 to 447; 
their magnitudes, 448, 463; their quantities 
of matter, 449; their epochs, 450 to 452; 
their configurations, 453 to 455; when the 
immerſions and emerſions are viſible, 456; 
their elements, 457; at what time they be- 
come inviſible, 460; revolve about their axes, 


460 conſtruction of the epochs, 467; tables 


of their mean motions, 470; — Of Saturn 


when diſcovered, 4/1; periodic times and 


diſtances, 471; poſition of their orbits, 474 ; 
their nodes, 475; mean motions, 476; re- 
valve about their axes, 477; two more ſatel- 
lites diſcovered by Dr. Herscner, 458; 
their diſtances and ſidereal revolutions, 479 ; 
tables of all their motions, 480; configura- 
tions, 481 ;— Of the Georgian ſynodic revo- 
lutions, 484; their diftances, 485; nodes and 
inclinations, ' 486; motion of their orbits, 

1098. 
Saturn, it's oppoſition found, 236; it's mean 
motion found, 239; it's ſecular equation, 
245, 246; 1t's tropical and fidereal revolutions, 
and ſecular motion, 247; greateſt equation of 
it's orbit, excentricity, and place of it's 
aphelion, 2 52; motion of it's aphelion, 272; 
place of it's node, 282; inclination of it's 
orbit, 
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orbit, 286; motion of it's. nodes, 288; time 
of it's rotation, 401; it's Ring, 487; when 
inviſible, 489; divided, 490; magnitude, 
401; nodes and inclination, 492 to 406; it's 
appearance, 498; denſity and quantity of 
matter, 1067; light and heat, 1069; mo- 
tion of the nodes, change of inclination, 

1079. 

Seaſons, variety of, 89. 

Secondaries, to a great circle, 8. 

Signs, of the ecliptic, 32; northern, ſouthern, 
aſcending, deſcending, 32. 

Sphere, oblique, 78; right, 79, parallel, 80. 

Stars, fixed, 73; circumpolar, 78; double, treble, 

&c. 699; their annual parallax, 701, 702 

new, changeable, diſappearing, 703 to 718; 

nebulz, 519 ; nebulous, 720; their conſtella- 

tions, 721; their catalogues, 723; their proper 
motions, 724 te 730; Row: know them, 
783. 

Sun, it's apparent diurnal motion deſcribed, 87; 

time of it's riſing found, 89; when it's ſhadow 


of a perpendicular object goes backward, 99; 


not on the meridian -at 12 o'clock, 100; how 
Jong in paſſing the meridian, 108, — the hori- 
zontal wire of a teleſcope, 110, —the perpen- 
. dicular' wire, 1113 it's diameter in right aſ- 
cenſion, 109; why it appears of an oval form 
near the horizon, 207; it's ſpots, 384; incli- 
nation of it's axis to the ecliptic, 386, 389; 
node of it's equator, 387, 389; time of it's 
rotation, 3945 nature of it's ſpots, 395 | 
Syzygy," what it is, 47. 


Sue, whe Gilars- 965 of thawed, cules taal- 


direct us in our enquiries therein, 209 of 
; PTOLEMY, 210; of the Egyptians, 2113 of 
 Tycno Brant, 212; the ami-Tychanic, 


$193.20 Copanicans:65 5. - Hay: 256+7 


T. 


TIDES, -cauſe of them, 860; theory of them, 


1190 to 1209. 

Time, equation of, what it is, 56; found from 
the ſun's altitude, 92; from the altitude of a 
ſtar, 106; fidereal, 127; mean ſolar, 129; 
equation of, how to compute it, 131, 132; 


IND EX, 


ſidereal, how reduced to mean ſolar, and the 

' contrary, 1353 the diviſion of it, 791 to 804; 
proportional to the area, 219, 805; pe- 

riodic, of the planets, how they vary, 218, 
818. 

Tranfits, of Mercury and Venus over the ſun's 
. how calculated, 611; effect of parallax, 
how computed, 612 to 6233 ſun's parallax, 
how found from a tranſit, 626 to 629; neceſ- 
fary obſervations. to be made, 634 to 637; 
where they are viſible, 638. 

Tropics, what they are, 42; to find when the 
* ſun comes to, them, 145. 

T: wilight, it's beginning, 94; when ſhorteſt, 
96; length when ſhorteſt, 97; when it juſt 
laſts all We, 985 what it ariſes from, 


206. 


"IM > 


VENUS, it's conjunction found, 238; it's mean 
motion, 241, 242; it's tropical and ſidereal 
revolution, and ſecular motion, 247 ; place of 
it's aphelion, excentricity, and the greats 
equation of it's orbit, 2 563 place of it's 

aphelion, 262; motion of it's aphelion, 275; 
place of it's node, 283; inclination of it's 
orbit, 286; motion of it's nodes, 2883 when 

: brighteſt, 320; when a morning and an even- 
ing far, 323; time of it's rotation, 404, it's 
atmoſphere, 404; the time of it's tranſit over 
the ſun's diſc computed, 611; the effect of 

it's parallax at the tranſit computed, 612 to 
623; ſun's parallax, how found from it, 626 
to 629; difference of the meridians found 

from it, 631; place of the node, 632; neceſ- 
fary obſervations to be made at the tranſit, 
634 to 637; where it is viſible, 638; denſity 
and quantity of matter, 1067; light and heat, 
10693 motion of it's node, change of incli- 
nation of it's orbit, 1079. 

Velocity, how it varies in any curve, 806; an- 
gular, how it varies, 820; in a conic ſection, 
817; 1n a right line, 822 to 825. 


CF 
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1 | 2 
YEAR, ſidereal, what, 139; ſolar, or tropical, ZENTTH, what it is. 23, 
what, 139; ſidereal, length of, 141; tropical, Zodiac, what it is, 34. 8 
length of, 142, 143, 145; anomaliſtic,. 150; Zediacal Light, 731. 
leap, 791. Zones, frigid, temperate, and torrid, 45. | ; 
, * 0 
1144 { , 
TY 
. i 5 
a ah 
Vol. II. 4 E. 


CORRIGENDA ax» ADDENDA. | 
2 WU: 


VOLUME II. 


PAGE. 39, in the margin, againſt the laſt line, put Fic. 201. 
44, I. 1, after Mn; add on M deſcribe a ſemicircle Nvwr, and 
46, I. 2, for 3, read ; after circular) add nearly ;: line 8, after is, au yy and at the 
end of line 12, add nearly. | 
49, I. 2, for SEN, read SEA; I. 29, for paſs, read 1 laſt line, ſor (998) read. (909). 
4 laſt line but three, for (908), read (909). 
£4 18, for (908), _ (909). 


4, up, 
_ : 23, for CABD, 8 CADB.. | 
67, I. 25, 27, for u, read I. wg 
113, I. 18, for in two, read into two. | 
147, l. 5, 7, 9, 11, for un, read mp. 
169, I. 11, for m*—, read m*—1. 

181, I. 14, 15—22, 23, for A, B, C, D, E, Ke. read A, N, C, D/, E-, &c. 

226, I. 30, for dt, read dit. 

236, to Art. 1237, add Here the parallels of latitude are crowded together towards the 
poles. oy | 

243, I. 22, for 80. 26'. 54” read 80. 24. 18”. 

283, to Art. 1346, add After his death, Dr. Sui rn, Maſter of Trinity College, the author 
of a celebrated Treatiſe on Optics, and another on Harmonics, publiſhed the works 
which he left behind him; one, containin g his Lectures on Hyaroftatics ;. and another, 
entitled Harmonia Menſurarum. | | 

- 335 J. 1, for meridian, read latitude, 
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VOLUME I. 


8 
| | j 


* 


P AGE 14, line 25, dele firſt, and after undertaken, add in England; 1. 35, 36, fs Poss100- 
ius relates that CLEOMEDEs, read CLEOMEDEs relates that Poss1DoxIus; 
I. 38, for Rodes, read . I. 39, bY 3752s read 5009; L 40, for 1 
read 240000. —— | 


To the fame Note add, : 


+1: 1 /ERATOSTHENES makes the diſtance of Syene from Alexandria (which he fays lie 
under the ſame mcridian) to be the fiftieth part of the circumference of the earth; 
and he alſo. makes it 5000 ſtades; hence, the circumference is 250000 ſtades. But as 
we do not know the exact length of the der v we cannot up how accurate this is, 
Ed e e re 155 ne e 02 Nen a 
vc, L Is, a cate Ben Req Tab. vll. read conſt from bi Rig, Tab. XXII. 
26, I. 25, for d', read d“. | 
37, For Tab. VII. and VIII. read IX. and X. N. bes: 
38, 1. laſt but one, diele it, and rrad the laſt line chus—the emidianeter from Tab. xv. "oY 
44, L. 22, for he, read the. | | | | 114 
65, 1. laſt but four, for 61 read bn. 5 Ei at 5 4 
76, 1. 2 5, for ſixteenth, read eleventh. | þ 
83, 1.18, for attacted, read attracted; I. 28, A at G, read II ny 
| nay 7, for a= Oz read à r . e | Al 
923, ., 4, for-cauſe tothe effect, read effect to the cauſe. Ce lenge rnd o'g8 . 
98, I. 8, from bottom, after E, put be. 3 2 
113, I. 7, after added to, add or ſubtracbed- from. ut. e 5% ol | N 
129, In the Tropical Revolution, according to Dr. Oye . 29, 1 16 5 unde avs 
and in the Sidereal Revolution of Saturn, put 177, for ub ß. 
132, I. 10, for the ſecond term x in the proportion, read. u; line the laſt, for hn 3 
term in. the proportion. read $7...12", and for, the fourth term, read 475 * 
133, 1. 1, for 51'. 48”, read 54. 56"; l. 2, for 21", read 29". 
139, I. 1, for SB = SB, read S C= SB; I. 24. N. SB aut =; and laſt fins but two, 
for 2e, read e. 
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. ADDENDA AND CORRIGENDA TO VOL, 1, 


22 
— 
. 


a 2 2 25 


f 183. L 0 from bottom, for AN, read Av. 
207, I. 7, from bottom, for at, read of. 
216, 1. 9, from bottom, for An, read rAn; and I. 6, from bottom, before "_ * 


angle. 
235, J. 6, . , , ue, e ele eee 
247, 1.8, for TA, read Ta. 
252, I. 12, for fin. u, read fin, Zm; an and.jy. the margin againſt line penult. put Fic. 100. 
259, J. 10, for gf. 4. 4", read 99. 5 4". of 9 5 
260, In the example for the poſition. of the ſatellites, correct the ſecond and third thus: 


5 23 
II. III. 
. 8 0 , 20 , 
„„ B+. 4 
3- 11. 20 1. 20. 17 
5. O. 49 to. 5 21 
3. 11. 20 42 SA, , — 125 BA 20. 17 : . 711 a 
* 2:3 4913% 13 967 - £29 8; 121 9 405 ron a6 T0 1 11 
SUES 3k X ON of y 3. 11. 20 WN 25 1 . wth AI”; 17 8 a 
I ; a : Oe * 
11. 23. 29 3 2. LL 55 
2 e 
. R 43/73 $9 X «Av 3 


At the bottom of the page; after-Caning, addr In the example for the fourth 


fſutellite, the: variation of the equation of the orbit is: not confideredy which, in 
general, is not negeſſary, as: the conſ guratians are put down, only that we may 
810 ene are hut if this ſatellite be. found very near to ano- 


ther, it may be neceſſary to conſider the equation. EAthe orbit. in Table IX. Or if 


the computer pleaſe, he may take the variation pf the equation from aha. to day, 
erte Into-the ee ſous: his is hnnegeffar n. 


28 10, for x +p, 065 Et, * FE: 
94 · Correct the argument at the head n Na ns: Argument of flat, = Liſtance 
of the ſatellite from the apogee. 
295. I. 24, for the diſtance of the apogee from the node, rea the argument of tat 
r 018997717 31 - 7 
The ſatellite will be in apogee, when de langiidg fa ier orbit is equal Saturn's 
© longitude, corrected by reduction, taken from Table I.; and it is in-perigee, when 
it's longitude in it's orbit is oppoſite to gaturn 's longitude corrected by this correſ- 
ponding reduction; and it is at it's greateſt: elongation, when wy longitude i is 90 
diſtant from the en of apogee or perigers wo e bb A 7 l: 
G e 1:10 0 gen ονοueul ; algal 
315, 1. 4. from bottom, for 7, read pO | 
316, L 20, for v, read . 


. * ** 15 


i DAGUSE 23 Nen 


349, J. 8, from bottom; for aint, read 21649511. 18, ' for appears at the moon, read at 


the moon appears: NN 
351, 1, 23, for moon's, Hal earth's; and in FE 6er cn delt earth's, 955 
354» J. 17, for 52'. 50“, read 32. 50”. 


, J. 21, for Eridamus, read Eridan'"s, | 
Pact 
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ADDENDA AND CORRIGENDA TO VOL. 1. 


Pace 502, I. 18, 31; 33, 34. Fer uninformed, read unformed, 

505, I. 2, for uninformed, read unformed. 

506, I. 6, for TYMocHarivs, read T'YMOCHARIS. 

518, 1. 27, for the ſecond SM, read Z M. 

524, 1. 10, for 13.29 . 42 , read 13. 20. 423 I. 30, for 899781 59, read 8,9978259 ; 
I. 31, for 10, 62 562 12, read 10,6256112; I. 32. for 9,3625337, read , 36254113 
I. 33, for 25. 34. 54, read 25. 34. 55, and for , 63 52822, read 9, 63 52848; 
1. laſt, for 51. 9. 49, read 51. 9. 50. 


544. Mr. BaINX KLE ſtates his rule more correctly, thus: 


Coſ. arc, I. coſ. 4+ coſ. L, and arc I. is greater than a quadrant in the ſecond 
and third quadrants of right aſcenſion of med. cœli. Cot. arc. II. cot. L + fin, 4, 
and arc II. is always leſs than a quadrant. Arc III. =arc, II. O, where the fign— 
takes place when Aries is weſt of the meridian, and +, when eaſt, Col. alt. non. 
S ſin. arc I. I ſin. arc III. Tan. Jong. non. coſ. arc III. + tan. arc I. When arc III. 
is 1% than a quadrant, the long. non. is of * ſame affection, as 4; when greater, 
of che ſame affection as arc I, 


In Fic. 19. For Z, read . 
22. For G read C. 
34. A and C muſt change their places. 
55. Join $7 and BO. 
91. Join MN, MO, NO by dotted great circles, 
106. Join by a great circle, : 
126, The letter V is wanting. | 
131. The line NR is wanting; it is drawn to meet Q. 


Ds. HERSCHEL has diſcovered that all the ſatellites of Jupiter have a rotatory motion about 
their axes, of the ſame duration with their periodic times about their primary, This he determined 
from the conſiderable changes which take place in their brightneſs in different parts of their orbits, 
He further obſerves, in reſpect to their colours, that the firſt is white, but ſometimes more intenſely 
ſo than at others. The ſecond is white, bluiſh, and aſh-coloured. The third is always white, 
but the colour is of different intenſity, in different ſituations. The fourth is duſky, dingy, inclining / 
to orange, reddiſh, and ruddy at different times. At the mean diſtance of Jupiter, he makes the 
diameter of the ſecond ſatellite to be o“, 87. And he makes their relative magnitudes to be as 
follows: The third is conſiderably greater than any of the reſt; the firſt is a little larger than the 
ſecond, and nearly of the ſize of the fourth. And the ſecond is a little ſmaller than the firſt and 


fourth, or the ſmalleſt of them all. Plil. I. Gray 1797: 


Dr. Henscuer has alſo diſcovered four more ſatellites of the Georgian; and found that the 
motion of the fatellites is retrograde, Phil. Tran/. 1798. 
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